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‘Aveling & Porter, Ltd. 


RocuEstER, KENT. 
and 72, Cawnow Sraeet, Lonpon. 

STBAM ROLLERS. ROAD LOCOMOTIVES. 
STBAM OULTIVATING MACHINERY, 
STEAM WAGONS, ao aaa 
OCBMENT-MAKING MACHINERY. 


arrow & Co. Ltd., 


, 
ag SHIPBUILDERS AND ENGINEERS, 
Gow. 


GLAS 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMBRS OF 
BxceprioxaL SHaLtow Deraveut. 
Repairs on Pacific Coast 
by YARROWS, ae Victoria, British 


mbia, 687 
SHIPBUILDERS, Suu ke REPAIRERS AND ENGINEERS. 


4 | CHimonys, Rivera Steam 4Np VawPILATING PIPES, 


Belany, [jimi 


-j ohn ited, 
MILLWALL, LONDON, B. 


1216 
GewxeRat OonsrnucrionalL ENGINEERS, 


Boilers, Tanks & Mooring Buoys 


Srois, Perro. Tanks, Arm Reoxiverns, STEEL 


Hopprns, Spxciat Worx, REPAIRS OF ALL Kreps. 


oy les Limited, 
GINBBRS, IRLAM, MANOHNSTER,’ 
FEED WATER HEATERS 
GALORIFIBRS, HVAPORATORS, | Row’s 
CONDENSERS, AiR HHAT PATENTs. 
STEAM axp GAS 
Patent TWIN 
for Pump Suctions 
SYPHONIASTEAM , REDUCING VALVES. 
BT BAM 


class GUNMBTAL ST Gs. 
ATER SOFTENING and FILTERING, 5728 





A. G. Mumiord, L 


OULVER STREET WORKS, COLCHESTER 
Ow ADMIRALTY axp War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 33. 

PATENT WATHBR-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


4 Auxiliary as 6u ied to the 
ste —— 2179 


enry Butcher & Co.,|m 
VALUBRS axp AUCTIONEERS, 
Specialising in the 
ENGINEERING, ity ml & MBTAL TRADBs. 


or 
PLANT AND MACHINERY. 


63 axpy 6, OCHANOBRY LANE, 
LONDON, W.C. 2. 


"Phone: Holborn 2295 
Telegrams: Penetrancy, Holb., , London. 


ranes.—Electric, Steam, 
HYDRAULIC wand HAND. 
of all & 
GEORGE RU ELL & 2 Co., 
3 1, near Glasgow. 
STEEL TANKS, PIPES, GASHOLDERS, &c. 


thos. Piggott.& Co., Limited, 


RMINGHAM. 
See Advertisement last week, page 108. 


Ppienty and Son, 
LiMiTED. 
MARINE ENGINBERS, &c. 
Newnvury, Bretanp. 








Lrp., 
6451 











ank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 


R. 4 W. HAWTHORM, LESLIE & CO., Lap., 

___ Byeuvrerns, Newoastie-on- TrNe. 6450 

Mine = Railway 
eabtan aston Company, 

London Office—13, ic me ge oak pa 

Mayvr. sorvenns © 

RAILWAY OARRIAGE, WAGON AND TRAMWAY 

& AXLES 


CARRIAGE & WAGON IRONWORKS, also 
: CAST-STEEL AXLE BOXES. 


& W. MacLellan, Limited, 
OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 


RAILWAY IRONWORK, BRIDGBS, ROOFING, &c. 


Chief Offices: 129, Trongate, Graseow. Od 8547 
Registered Offices: 1084, Cannon St., London, B.C. 


Fuller, Horsey, Sons & Cassell, 
wets pes 

SALE AND D VALUATION 

PLAST AND MACHINERY 


ENGINEERING WORKS. 
1, BILLITER SQUARE, B.C. 3 B.C. 3. 


[=vincible ible (jauge (j lasses. 































1834 





BUTTERWORTH BROS, Lid., 
Newton Heath Glass Works, 
Manchester 








Pas. Od 976 
Irmand Steel 

['ubes and gh Srsic 
6920 


The Seotiiah Te Tube Oo., Ltd., 





((ampbells & He, [4 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 


Y¥ ‘sae Launches, or mores 


— complete with Steam, Oil or 
lied. 


4547 








su 
evan LR ry CO.,, Lrp., Broan Staeer, slinceuttde 
FOR 4 
heet etal Citampings or 


P. INGS 
GARTSHERRIB ENGINEERING & FORGE OO., 
50, WELLINGTON STREET, GLascow. 6961 





OQ” FUBL APPLIANCES. 


PREssURE, AIR, STEAM. 
For Boilers of all types. 
KERMODES LIMITED, 
35, The Temple, Dale Street, 


Liverpool ; and 
109, Fenchurch §St., London. 
Speciality. 


Naval Outfits a 


4078 





ocomotives - Tank Engines 





MANNING ‘WARDLE A ASD O01 ND COMPANY, » Liars, 
See their Illus, sink pais tah, leat come. 
ochran MULTITUBULAR AND 

C OROSS-TUBE TYP 


ree Bowers. ee 


RAILWAY AND TRAMWAY ROLLING STOCK. 


HH Nelson & (Co. L4- 


Tae GLaseow Rone STook anp PLanT —— 
MorTHERWELL, Od 3383 


‘ “Gripoly” 


MACHINE BELTING 


FOR 
Driviza 


(jonveying 








Fi levating 


Sora MANUFACTURERS 


Lewis & Tylor, Ltd., 





CARDIFF. 6265 
Lonpon. MANCHESTER. Giaseow. 
Ne Chicago Automatics, 
Three Sites, Delivery from Stock. 


NEW CAPSTANS, 12 in. through the wire feed. 
JOHN MACNAB, Many Srazer, Hrps. 


Tel. No, ; 18 Hyde. 6874 


us,| Microscopical Examinations. 


and 


[['ubes Fittings. 


Stewarts and Loves, L4 


Glasgow and Birmingham. 


See Adventisement page 62. 6462 
Rxbb er MANUFACTURERS. 





Suction 
and Fire. 


Hose 


GUTTA PBROHA & RUBBER, LIMITED, 
Toronto - - Canada. 
CARBON 


O 2 lants (proxi 


for Chemical — Mineral Water Mfrs., Breweries, 
and all other pi ae ed & CAMPBELL, Ltd., 
109, Vietoria oe W.1(“ Valorem, London.”). 


e Finished (\astings 


and reduce 

1s cost by dteinsting machining operations. 

Lond for — to ArraTors Lrp., Edmonton, 
ion, 5 


(jrittall. rittall. 


CHEMICAL ANALYSIS. 


Physical Tests. 


6702 














Heat Treatment & Pyrometer 
Tests. 
Critical Range Determinations. 
ScaLe or Fees on APPLicaTion. 
THE ORITTALL MANUFACTURING OO., Lrp., 
BraTres, Besex. 


Chief Metallurgist, H.S. PRIMROSE. 


(jrittall. (jrittall. 


I= C.E., L. ‘Mech. E., B.Sc., 
x 4 neering I Examinations.— Mr. G. P. 
Se., . M. Inst. O.B., F.8.1., 

Mi Deere I., ‘PREPARES O, CAN ar eye personal! y 
or by correspondence. Hundreds of successes. 
Courses may commence at any time.—39, My 
motives, 


St., Westminster, 8.W. 
Builders of [9% 

LIGHT. 
All Gauges and Types. 


HEAVY and 
Address ; Report) Pour — 


a af Plose » New York. 
Or R. 8. ‘OOTTR L, 











* ble Addrese-_Starety, New tons” 6560 
New Catalogue 12 A mailed on application. 





R b Pickering & Co., Lid., 
. (er ABLIsHED 1864.) 


BUILDERS of RAILWAY CARRIAGES & WAGONS. 





Chief Works and 
WISHAW, near GLASGOW 
Office 
3, Vioronia SrREeT, Wasruineren, 8.W 
M2chine and i 
WORE of sil undertaken 
ang Be to. ue TROSsmE 
& RU s 
ABW PATENT Ate tounen Rvsemi., 
are prepared to articles 
at present made and will be te hear 
from firms desiring work 9211 








Ba. Ovricn: 94, Robertson Street, Glasgow. 





Y strow Patents 
ater-tube Boers. 


i7 
Messrs. YARROW & CO., bo gn may the 

PRESSING and MAUHINING ef the various 

of Yarrow Boilers, such as the Steam Drums, Water 

Pockets, and Superheaters for British and Foreign 

Firms not ats tae Po the baggy A faotlities. 

YARROW & , Scorstroun, GLASGOW. 


Matthew pal & OU». Li 





Levewrornp Works, 
See oro, Wonxs, Dumbarto Aug. - 


Hes Wrightson & (> 
LIMITED. 


See Advertisement page 48, Aug. 30. 2402 


aylor & hallen 
T C 


Presses. 


TAYLOR&CHALLBEN, Ly., Engineers, Braminen aM 
See Full Page Advertisement Aug. 23. 


R ailway 
G witches and 
rossings. 


T. SUMMBRSON & SONS, LIMITED, 
DaRLinetonr. 


(Sement.—Maxted & 


Knott, 
Pegged Cement sabes FOR 
Batablished 1890 








81% 











ENGLAND AND 
Highest references . 
Address, Buawert Avervn, HULL, 
Cablegrams: ' Buergy, Hull.” 6200 
Forsings. 


Waiter Gomers & Co., Ltd., 





[proved High Pressure 
BWABLE DISC GLOBE VALVB. 
See our Advertisement in last week’s issue, page 102. 
BRITISH STBAM SPHOIALITIBS, Lrp., 
Bedford ise on Leicester. 





ae dy pol gence 
ocean net 182 


OHANTIBRS & ATBLIBRS 
ugustin - ormand 


67, rue de Perrey—LE HAVEB 
(France! ). 


Desiree, Torpedo Bone, Yachts and Past Boats 


ae Patent Water tube Boilers, Coal or O14 
Diesel O11 Engines. 


1104 








““Cieatifagals 


Pott, aseels & Williamson, 
MOTHERWHLL, SOOTLAED. we 
See half-page Advertisement page 23, Sept. @. 
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{Surr. 13, 19:5. 
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2 .. * 
[the Manchester Steam Users’ F[he Sir ohn Caco Technical BA Wee Sere’ -| © 
tor te ot been Bt sen Jowes I sn B.C, 3. Search ~ =a 3 Sexe copemant Seton Re bianca ani 


Compensation for 
paid in case of Explosions. Hngines 
and Dollers leabeoted du construction. 4661 





MANCHESTER MUNICIPAL 
(College of Technology 
(Universrry OF Mawncuastr). 
Principal: J. C. ba! GARNBTT, M.A. (late Fellow 
m. Coll. Cam.). 


Vice-Principal : B . WRONG, M. . (Fellow 
Magdalen Coll., Oxford). 


The Session 1918-1919 > will open on 3rd October. 
Matriculati ~~ and Entrance ree eee pt will be 
— in Jul . Matriculated students 
enrol for ois te from lst Au aie, and if 
18 years of i. - eligible for membership of 

the Officers’ Traini ‘or ps. 


DEGREE OOUMASS IN TECHNOLOGY. 


The Prospectus gives particulars of the courses 
leading to Manchester University d (B.Sc. 
Tech. and M.8c.Tech.) in the Faculty of Technology, 
in the following Departments :— 


MECHANICAL ENGINEBRING (Prof. G. G. 
munorints Gat ‘avo oementna (Prot. Miles 
SANITARY BNGINBRRING (including Muni- 


cipal LS oT neering). 
THE CHEMICAL INDUSTRIES peas g 
Gen Chemical Technology, Bleaching, 


Dyeing and Dyestuff Manufacture,Printing, 
Papermaki * naszaicg ladustries, 
Metallurgy, Fuels 


TEXTILE inp UST RIRs, MINING, 
AROHITECTURE 

PRINTING AND PHOTOGRAPHIC 
TECHNOLOGY. 


ADVANCED STUDY AND RESEARCH. 


The Coll posseses extensive laboratories and 
workshepe, “ equip with full-sized modern 
apparatus, inclination machines special! a 
for demonstration and original researc 

PROSPECTUSES of 
Part-time Courses sent free on application, 





~ BNGINBERING AND TECHNICAL OPTIOS. 


N orthamp ton Polytechnic In- 
sriruTm b 7. Jouw Street, Lonpon, B.C. 1. 
BRING DAY COLLEGE, 
1 Day Courses in the Se ree and Practice of 
civil, Mechanical oan aon Rae mage ae en 
commence om Monda: orth. Septem 1918, 
Courses in Civiland Mechanical ngineering faclade 
8 en -¥ —_——— <T —— : 
nginee and thosein Blectrical Engineering in- 
clu specialization in Radio-Telegraphy. ntrance 
ination on Tui and W , 24th and 
26th September, 1918. Seether ude periods 
spent in commercial nae og extend over four 


. They also of B. pooh in 
Bagi eorings at ogni 9, ot bouton. 
215 or £11 per annum. 
of the value of £52 each Till be offered for 
tion at the entrance examination in Sestemeen, 918. 
TECHNICAL OPTICS. 

Full aod Part Time Courses in this im 
spectally aul of pe rer bene ig Send ven in 
8 a ratories an ure rooms. 

Shion Pah a Peers (value £38) will be offered 
in “tite de Gepartepent at the entrance examination. 

Full particulars as to fees, dates, &c., and all in- 
formation respecting the work ef the Institute, can 

obtained at the Institute or on Poe Pa to— 

R. MULLINEUX WALMSLEY, D.Sc. Pie 


rpihe Polytechnic, RegentStreet, 


W.1. SCHOOL OF ENGINEERING 


PRESIDENT OF Scuoo.: Tae Tue Hon. Str NS 
PARSONS, K.C.B., M Antes D.8e., P.R.S., 
as KF OF DEPARTMENT: HENRY J. SPOONBE, 
Mech.#., A.M.Inst.0.B., M.Inst.A.B., F.G.S., 


The. ‘pay > Tappa RE-OPENS on lth 


SEPTEMBRR, 1 
apary “meyer BXAMUNATION 16th SEPTEMBER, 
at Ten o'clock.) 

Three Year DIPLOMA COURSES in 
MRBCHANICAL ENGINEERING, 
BLEOTRICAL Ro 

MOTOR CAR BNGINEERING, 
OIVIL ANG LN BERT NG 
by = 5 ¢ Laboratories, Drawing | Work 
ng Field, Fees—218 1 oo, ean anne 
The EVENING ‘DEPARTMENT REOPENS on 
30th SEPTEMBER, 1918. (Students enrolled from 
Py Madar SEPT — — ane mat he roel ern 
all Prospectus, ap 
THE DI BOTOR Orr RDUCATION. 








UNIVERSITY OF LONDON, 
oS pga tL Colke ge, 
NEW CROSS, 8.E. 


The NEW SBESSION commences MONDAY. 28rd 
SEPTEMBER, 1918. 
| a commences 16th a 
terms to those ‘ore 2ist 
SPTAMBER oan 


ENGINEERING Si te win -— pasate 


Hap 
WJ -LINBHAM Bao M [1.0.8.M.LM.R., M.LE.R. 
. GOMPLETE COURSES are provided in 'Mechani- 
ca Mostrinal, and Constructional Bu 

T. 


Building and Architectu 
» Institution of 


aoqeeess for London 
n 
and = 8 of London Sater. ra 
and Machini 


n for the 
of oo tenes 


ee 
jon in Practical my | 
Peteame Making, Ges Sup een me, Fen Plate W: 
‘Plumbing 


Cortyicnte of th of the College hee me ee aon 
r 
atudys and the ar for iqher Course 


be 
at oo ‘Col to— 
‘ him apical 
Goldsmiths’ 


THE A 
M700 
New 


8.B. 14. 


obtained | bank 


PrivciraL— 
CHARLES A. KEANE, D.S8ce., Ph.D., F.LC. 


EVENING CLASSES IN METALLURGY 


for those in “Metall Industries, 
others in to” take up 
urgical work in the Colonies, 


Heap or DepaRTMENT— 
C, 0. BANNISTER, A.R.S.M., M.1.M.M., F.1.C. 
LECTURER ON MeraLLuURGY— 
G. PATOHIN, A.R.§.M. 
LECTURER ON Mera. Tzstina— 


BE, M. i. BOOTS. 
The following Courses of } § Lectures, acco nied 
eo suitable SG Work, wilt be ren uring 
e Session :— 


Metallurgy 
The Metallgy of of ‘aol, Silver, and Lead. 
. Metallogra y and Pyrometry. 
The Metaliurgy of 3 and Steel. 


The Heat Treatment of Metals and Aleve. 
The Mechanical Testing of Metals and Alloys 


NEW SESSION 
Brains MONDAY, SEPTEMBER 23rp. 


Details of the Classes may be had upon appli- 
cation at the Office of the Institute, or by teat 701 





the PRINCIPAL. 


Butler & Wilson, Litd., 18 


and 20, — — Road, owing 4 pete death 
of their re r. Broan, find —_ 
to RE- ARAN ANGE THEIR TRAVELLING ST. STAFF 
as follows :— 
Mr. B. R. Farmay will represent their inter- 
ests in the Home Counties. 
Mr. Hieeans will represent their interests in 





North London. 
Mr. Cunpett will represent their interests 
in South London. , M 716 








APPOINTMENTS OPEN. 





Ik be 
» givi full particulars of ex- 
— EMPLOYMENT 


perience, a to nearest 
CHANGE, constboniont No. A 5991, M 692 
COUNTY BOROUGH OF SALFORD. 
BLBOTRICITY DEPARTMENT. 





pplication’ st are Invited for 


ition of BOILER HOUSE avree 
INTENDENT, to of Lancashire 


Water Tube Boilers, including aan and <a 
tenance. Applicants must have knowledge 
of boiler-house operations and able to carry out 
efficiency B nso and en 9 testing <* fuel. my yA 
tions, sta! ne “fs ualifications and salary, 
4 Docongh Electrica! neer, 

, Salford, not later than aes - 
16th pene 1918. 

L. C. EVANS, 


Town Clerk. 


Chief Clerk to Works Manager 


WANTED for high-class Engineering works 
on Clydeside. Must be able to take shorthand and 
pk 4 Good opening forqualified 
~~ ae ~—$ already on Government work need 
apply. your nearest EMPLOYMENT pe 
NG ace Srentioning Wo. A 5979. M 68 


(ost Clerk (Male) Wanted 


for Government Controlled Establishment. 
Must be well used to Engineering Works Account- 
ancy, and a thoroughly competent man. Noene 
already on Government work need apply. Appl- 
cants Should give detaiis of their expartonce, and 


ae MiuPLoYMulr WXCHANGS, mention-| i 











LONDON COUNTY COUNCIL. 
EVENING INSTITUTES. 


aye in the Under- 
mentioned oentosts are WANTED :— 

NICAL DRAWING AND 

ADE DRAWING 
in the followin courses; (A) Engineering, (2) 
Instrument making, (c) Introductory and oe 


uatical | technical, (pv) Machine. Pay: for technical drawin, 


1s. 6d. an evening (about two hours); for t 
drawing, 10s. an evening (about two to three hours). 
CALCULATIONS in the undermentioned courses ; 
(4) Chemical industries, ma: (P) Bas Engineering, (c) Instru- 
ment. yt. are ndustries, (cg) Technical, 
im | ES 'Baginee te) sr bow undermentianed cou courses; 
neering, (B)General technica 8. 6d. 
an ones (about two hours), TUTORI CLASS 
in the undermentioned courses: (4) 2 Rae fc ntom 
Pay ea technical and introdu 
76. an —s (about two rere mnt 
instructor @ tutorial class is required to 
ain the students in elementary study of all the 
subjects of the course to which the class is attached. 
— should therefore possess qualifications 
~ eye subject of the course, together with 
a rps ‘actory knowledge of the subsidiary subjects 
constituting the course. 


isqualifies. — Ap’ EDUGATION 
osriour fr." "noes 


Education 
Emtankment, W. rb. 2. Stamped adteeened gocioon 
en 


necessa Forms giving particulars wil 

then be sent ond oat be Fa at once. 
JAMHBS BIRD, M 724 

Olerk of the London County Council. 


BOROUGH POLYTECHNIC ¥en 
Borover Roap, wD, Loxbor, 8.B. 1 


S ge Governors will Require 
at an early date the following additional 


~ ry LECTURER and DEMONSTRATOR with 
One gue! in Bogineering Drawing 


Prao' 
2. A LECTURER and ag ne cee neh we for 
mat agains Work of the Engineering Depart- 


Candidates should be iy ge for Military Ser- 
erence 





and | be given to those ‘who 
have had teach’ —_ workshop experience. 
Salary, £220 to £250, according to qualifications. 


Particulars may be ‘obimined on on ee en- 
closing stamped addressed foo! «- hn 
ae Pe 715 


oO. T. MILLIS, 
COUNTY BOROUGH OF LONDONDERRY. 
MUNICIPAL TECHNICAL SCHOOL. 


The Technical Instruction Committee 


Reguize the Services of a 
RCTURER in Sngineeri Subjects. 
po = Aig BR per year, sieociinn be ex- 
perience, together with con’ Wie Boome es be 
ee, by the Department. Forms of appli- 
cation ang be obtained from the Principal, and 
must be returned on or before Saturday, September 


2ist, 1918, 
J. A. WILLIAMS, 





M 703 


Secretary. 
Whole - time Teacher of 


A Phy Mathoueies or Mechanical 
cers, | neering su! » WANTED as tem war su 
>| tren in the Junior Technical School Bveni 
Classes at the London Council School 
2 





form particulars 
Pah gromery Porm, mw st be returned by Eleven 





a.m. on oes, 28rd September, 1918. esate i 


ctoria | enlarged and reorganised. 





ing | this Journal and M 707 


anaging Director Required 

for aoe Brass and Metal Man ahaha 

Company in Birmingham. Must be capable; take 

entire c of works. Can invest up to 

pa se set mity for right man.—Address, 
GINEERING. 


Gectional Manager for Welding | parte 

and Lathe Shop. Capable of controlling ma 

and female labour and big output. Only men with 

poem grit and determination — epp y. Noone 
on Government work wi 

Applye to your nes, EMPLOYM BN J raxCh Anan 

mentioning No. A 5923. 


orks 8 Manager aves] os 


sate Engineering Firm ss the Nort 
of Engla capterion 


1,500 nds. 
must have occupied position of inne 
other Works and be thoroughly practical in dealing 
with detailed production of most modern engineering 
pene and repetition work. Excellent prospects 
‘or suitable man. Applications bed be treated in 
confidence and must be 591, Offices 


of ENGINgERING. 
Required for Small 














anager 
Steel proved ms Hong Kong, which is being 
7 pplioase must be able 


to advise and superintend the ont of pee gen | 


steel — including crucible, 
> furnaces. A plications. from ape 
a Rarees men would rere plmgpn tg A 


stating age, experience, qualifications, sa! 
qu » references, &c., to BOX 769, care "of 
THWwatIt & Simmons, 5, Birchin Lane, B.O. Sng Bt 





W orks Manager for Carbon 


Works. Previous knowledge of bat 
and Arc Lamp Carbon manufacture preferred, but 
not countial: Must have all round eng neeri 
and commercial experience. Able to.control mix 
capetiene Sak talary teasioet: te Ps Peteaee, 

ice a requ to ULLERS, 
Woodland Works, Chadwell Heath, Essex. M 758 


Supe erintendent Engineer 
UIRED, for a Food factory near Man- 
chester, Must have practical experience of pee. 
Sa pressure pans pper nt, A 
a the general supervision of plant. The 
inted must have initiativeand must not 
be be afrs of work.—Address, with references and all 
particulars, M 696, Offices of ENGINEERING. 


(Chemical Engineer Wanted, 


orks. Must have sound 
rgamisation and administrative nyo 
mae ape ee should also be competent elec 
trician. Good position for t! ly capable man 



















tery | near Woolwich. 


upervisor (Engineeri;)<) 
pt ee 


a Universiy) 0 or AMIC.E. Schoo: ol 
¥Y some we:k- 

oper superrisecy ture.—Address, 
WILLINGs, 125, Strand, dee wee 


London, W. Cc. 
ditorial Assistant Se ed 


blishers of technical journals anc 
Knowledge of ong engineering and el lectrical wor, 4 
and Ba 
u to BOX 861, 
Fleet  Strest. BO. 4 Sunt’s os 


Hogines:. Good Technical al 
jueation and with mechanical and elect i. 4! 
a oe to TAKE OHARGE of 

ead Offices, London. Mechanica} 

of tenders, pla 

+ No one at present 

apa on Government work or residing more tha 
miles away willbe engaged.—State full det nile, 
age. a ~ required, to M 623, Offices of Ewcin- 
Js, and Tool Draughtsman 
UIRED for Aeroplane Factory, Loncon 

district. 4 Previous experience of Aircraft work pre- 
ferred but not essential. No person resident more 
~_ 10 miles away or already on Government work 
eed appl — en —— ef om ticulars of 
qualifications and sa! 712, Offices 
of ENGINEERING. 


rool and Plant Draughtsmen 


mon td A for he ge crind Aero and Motor work 
in progressive Midland werks. Permanencies {ir 
live, interested, ‘auick_ men with initiative and 
ability. No ly on Government work 


will be en; i r nearest gt 
MENT .E ‘poly iy co your n No. 5316. M 61; 


| rsughtsman, — — Wanted, an 
Machine Tool Weeks speoteliicg te a for 
8 nm Lat K 
ledge of iig aasigne svceenmnentntion. Seemnacns 
or ® good man. No one already em- 
— on Government work will be enugaged.- 
y Bring full jars of experience, age, 
to your nearest EMPLOY- 


MENT tke gue, 00 


mentioning this Journal anc 





work hop 


posed ability aes. Not 
experience 























ughtsmen.—A Controlled 
—— ae in tant igh Riding of York- 
on im orit: k, 

he SERVICHS of a Rcmoent MAN. 
im General Engineering 
for medium size 
machine tool work. No person ‘Appin, on Govern- 
ment work will be engaged —_ =n 


ulars, to your nearest aM i YME 
BHANGH, = a Li rr 


A ener is also 
aad ED. The above positions are 
permanent to reliable individuals. No person 
tiready on Government a will be engaged.— 
Apply, stating full uxdinne » to your nearest 
MANGE.’ ment oning — 


[p28 ughtsmen Wanted for an 
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THE NEW QUEBEC BRIDGE. 


Tux successful testing last month of the new 
Quebec Bridge marks the completion of a great 
work which has claimed the attention of engineers 
for many years past, not only on account of its 
magnitude but also because of the serious vicis- 
situdes which have accompanied its progress. The 
structure crosses the St. Lawrence River at a point 
about 6 miles above Quebec, and the erection of 
the first bridge* on this site was commenced in 
July, 1905. On August 29, 1907, this structure, 
while in course of erection, failed with most disas- 
trous consequences, as we recorded fully at the 
time.f 

The new Quebec Bridge occupies the same site 
as its predecessor, but with a slight modification in 
the location of its piers. The catastrophe to the first 
bridge undoubtedly influenced American bridge 
design for the good, as it emphasised in a way 
which a disaster of smaller magnitude would have 
failed to do, the necessity of far-reaching reforms 
in the design of compression members. A con- 
tributory cause to the accident was the ridicu- 
lously small sum set aside for professional advice, 
which made the provision of an adequate scien- 
tific staff impossible. When the erection of a 
second bridge, to replace that which had 
failed, was decided upon this lesson was duly 
taken to heart. In fact, the preparation of the 
plans for the official design of this new bridge is 
said to have cost 100,0002., whilst to supervise the 
plans and erection of the structure as actually 


being built, a board of engineers was constituted | 


composed of Messrs. C. N. Monsarrat, Ralph 


trusted with the conduct of the whole of the work. 

We have from time to time during the erection of 
this second bridge given accounts of its progress, 
but now that it is completed we believe that our 
readers will be interested in having a consecutive 
account of its erection even if this involves the 
repetition of a certain amount of information which 
has already appeared in our pages. We therefore 
devote considerable space in our present issue to 
such an account. In connection with this we give 
in Figs. 1 and 2 on Plate XXI, a view of the com- 
pleted bridge, and a view taken on the bridge 
showing the test load. 

The new bridge differs materially not only from 
its predecessor, but from the “ official” design on 
which tenders were invited in 1910. The most 
favourable bid on these official plans was that made 
by the Cleveland Bridge Company in conjunction 
with the Metropolitan Amalgamated Railway 
Carriage and Wagon Company. After much con- 
sideration, however, it was decided to accept an 
offer made by the St. Lawrence Bridge Company, 
of Montreal (formed by an amalgamation of the 
Dominion Bridge Company with the Canadian 
Bridge Company) for a structure which differed from 
the official design in a number of important par- 
ticulars. Thus the carriageways were omitted, sub- 
stantially lightening the load to be carried, and the 
idea of making any use whatever of the old piers 
was abandoned. In this way it was possible to keep 
the centre line of the new structure on the original 
location. One of the new main piers, is inshore, 
of the old and the other is at an equal distance 
nearer mid-channel so that the span remains 
unaltered. The anchor spans were similarly displaced, 
as shown in the diagrammatic view of the new 
structure which we reproduce in Fig. 3, Plate XXII. 
From this it will be seen that the main span is 1,800 ft. 
between centres of piers, and is composed of two 
cantilever arms of 580 ft. each and a central 
suspended girder of 640 ft. span under which there is 
a free headway at high water of 150 ft. The two anchor 
arm spans are of 515 ft. each, whilst the height of the 
main towers is 310 ft. between pin centres, and the 
width from centre to centre of trusses 88 ft. This 
width is constant from end to end as the greater 








* See Encrveerina, vol. lxxx, page 376. 

t See Enanverrma, vol. Ixxxiv, pp. 329, 351, 388, 391, 
401, 418, 449, 470, 484, and 815; also vol. Ixxxv, pp. 346, 
405, 412, and 580. 

t See Exanvzerrna, vol. xci, pp. 369 and 761; vol. xcii, 

‘ae 769 ; vol. xcviii, page 349 ; vol. cii, pp. 259, 304, 336, 

4, 416, 441, and 463 ; and vol. civ, pp. 404 and 438. 


ease of erection and manufacture was held to more 
than offset any possible gain that might be effected 
by splaying out the feet of the towers. The total 
length of the whole structure, including approach 
spans, is 3,239 ft. The bridge carries two rail- 
way tracks spaced 32 ft. centre to centre, and out. 
side of these two foot paths, each 3 ft. wide, are pro- 
vided for. The designed rolling load is 5,000 Ib. per 
lineal foot on each track and two E60 engines so 
placed as to give the maximum stresses. The wind 
load was assumed at 30 lb. per square foot of ex- 
posed surface of the two trusses plus one and a half 
times the elevation of the floor, in addition to 300 Ib. 
per foot run as a moving load on the exposed surface 
of the train. A wind load of 30 lb. per foot acting 
parallel to the bridge was also provided for, the 
exposed area being taken as one-half that assumed 
for the normal wind pressure. Views of the bridge 
in various stages of erection are reproduced in 
Figs. 4, 5 and 6, Plate XXII. 

As will be seen, the new structure presents the 
appearance of a straight forward mechanical looking 
design, which is pleasing to the educated eye from 
its evident aptness. The lower chords of the canti- 
levers are straight throughout, which not merely 
facilitates the work of manufacture and erection, 
but in conjunction with the system of web bracing 
adopted, has been proved to reduce to a minimum 
the distortion of the structure under stress. To 
reduce the deadweight of the structure nickel steel 
has been adopted almost exclusively for the trusses 
of the suspended span and also in the construction 
of the river cantilever arms. The floor is, however, 
of carbon steel throughout, and the same material 


, has also been used for th h pans, si 
Modjeski, and H. P. Borden, who have been en- | ease gPewapsse- <ot paerity ee 


the additional weight thus required acts as so much 
counter balance. 

Special note shoulfl be taken of the character of 
the cantilever web members. The bracing, it will 
be seen, is of the K type, which minimises the 
secondary stresses, and was found on careful 
comparative studies to be lighter than the other 
systems investigated. Its great advantage in the 
present case lay, however, mainly in the great 
reduction it permitted in the overhang of the 
travellers used in the erection. By the use of this 
bracing the maximum overhang needed was reduced 
to 42 ft., or half a panel length, whilst two or three 
times as much would have been required if other 
forms of bracing had been adopted. At the same 
time the type enables the diagonal members to be 
subdivided into more manageable lengths, a matter 
of very considerable importance in view of the size 
of the structure. Finally, as was shown by Mr. 
Modjeski in a paper read* before the Franklin 
Institute during 1913, the deformation of the new 
structure under its load will be remarkably uniform 
in character. 

A bridge has not merely to be designed on paper, 
but has to be erected, and the fact that work in 
the field is impossible at Quebec during a very large 
fraction of the year made it as necessary to study 
constructional questions as minutely as those of 
strength. Pin-jointed connections were adopted 
in view of the rapidity of erection they render 
possible, but eye-bars are not used as tension 
members save in the case of the top chords of 
the cantilevers. The tension members of the web, 
although pin-connected, are built up of plates and 
shapes, and are designed so as to be stiff enough to 
support their own weight during erection. More- 
over, even in the case of the top chords, the eye- 
bars are enclosed in a light lattice framework stiff 
enough to carry them without sag. This plan 
considerably facilitated the work of erection as the 
panel lengths were such as to require two eye-bars 
to span them. 

In view of the immediate cause of the disaster 
to the previous bridge, very special attention was 
paid to the design of the lower chord compression 
members. Numerous tests were made on models 
of these, but the ‘ models” exceeded in size the 
principals of most bridges. The models of the lower 
chord members had four webs carefully interbraced. 
They measured 30 in. by 18} in. over all and were 


18 ft. 6 in. long. The value of + was 38 where J 








* See Encrvgrrmna, vol. xcviii, page 349. 


denotes the length and r the least radius of gyration 
of the member. The load was applied through 
pins. Three out of the four models tested failed 
by the buckling of the webs, and in the fourth 
the model bent in the plane of the webs. In no 
case did the bracing give way. The above models 
were of carbon steel. In other tests the compara- 
tive strengths of nickel and carbon steel members 
were compared, and from these it appeared that 
the elastic limit of compression members built 
of nickel steel was nearly twice as high as that of a 
duplicate made of carbon steel, whilst the ultimate 
strength was 54 per cent. more. In this way the 
adequacy of the bracing and of the stiffening generally 
was thoroughly tested. 

In essentials the chords, as constructed for the 
actual bridge, consist each of four vertical webs 
braced together by lattice-bars at top and bottom 
and by a diaphragm plate at mid- height. Addi- 
tional diaphragms transverse to this are provided 
at intervals. At the main pier each bottom chord 
measures 7 ft. 2 in. by 10 ft. 4 in. over all and 
has a cross section of 1,902 sq. in. 

The total weight of the heaviest panel length of 
chord is about 400 tons, and to facilitate erection 
the whole was divided into four unit parts, the length 
being divided into two at the mid joint of the 
panei, and each of these sections was in its turn 
split longitudinally. In making the joints, every 
care was taken tosecure a fair butting of the opposing 
surfaces, but sufficient rivets were provided at the 
same time to transmit safely the whole of the 
thrust. The webs were built up of four plates, 
stitch riveted together. One inch was the maximum 
|thickness of plate used, and the thickest web 
measured 3# in. 

The depth of this chord tapers uniformly from 
the main pier to the anchorage end, where the 
depth is 4 ft. 6} in., but the spacing of the webs is 
the same throughout. The pins to which the 
diagonals are connected do not pass through the 
lower chord itself, but through gusset plates riveted 
to these webs. There are thus two sets of pins at 
each panel point, one taking the vertical and the 
other the diagonal member. 

The bridge members were built in y 
| well equipped shops, specially designed for the 
/work in hand. The equipment comprised machines 
| by which the longest members could have both 
ends faced off dead parallel to each other simul- 
taneously. The longest planing machine could 
finish at one setting a surface measuring 30 ft. 
by 10 ft. All sheared edges of plates were planed 
before the plates were assembled. Most of the 
rivet holes were drilled out of the solid, though for 
plates less than }}-in. punching followed by ream- 
ing was permitted by the specifications. An 
unusual provision in the specification was one 
prohibiting the use of water or other lubricant in 
the drilling operations. 

As already mentioned very special attention was 
given to questions of erection. It was decided to 
erect the anchor spans on false work, the river arms 
being erected by overhang. A peculiarity of the 
design of this false work lay in the independent 
support provided for the truss and for the girders 
carrying the traveller. To test the practical work- 
ing of the arrangement decided upon a model of 
the whole span was made and was erected complete 
in the offices of the builders by means of a model 
traveller. A view of this model is reproduced in 
Fig. 7, Plate XXIII. 

The main’ traveller, which weighed nearly a 
1,000 tons, was 210 ft. 3 in. high from rail level 
to the highest points of the gantry cranes fitted 
on its top platform. Its general character is 
fairly well shown in Figs. 8 and 9, Plate XXIII., 
and Fig. 13, PlateX XIV. It also appears in Figs. 6, 
10, and 4, but is in these views partially obscured by 
the steelwork of the bridge. The traveller was 
designed to pass between the main trusses of the 
bridge, and much care was taken to 
matters so that its use should interfere as little 
as possible with the fixing of the bracing between 
these two main trusses. As seen in the views 
above referred to, the traveller was rye = - 
wheeled bogies running on two 2-rail tracks, \. 
centre to centre, fixed at the ordinary floor level of 
the bridge. Th>* two inner rails were carried on 
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the top flanges of the outer floor longitudinals of 
the bridge and the two outer rails on special 


and 9. -Frovision was also made by which, when 
engaged in the actual work of erection, the whole 
of the weight of the traveller and its load was 
taken off the bogies. 

Two hoists running on rails laid on the upper 
level of the traveller were provided. These were 
electrically driven and were each capable of lifting 
110 tons at an overhang of 35 ft. and had an out-to- 
out reach, transverse tothe bridge, of 47 ft. on each 
side of the centre line. These cranes were con- 
trolled wholly from a cabin near the bottom of the 
traveller. 

A view of the main sheave of the tackle is repro- 
duced in Fig. 14, on page 278. This view also shows 
the attachment used in hoisting plate girders. As 
will be seen, there are four hooks which fit over the 
flange and hold the plate securely without the aid 
of ro 

In addition, the traveller was fitted with four 
derrick masts, one at each corner, as is well shown 
in Fig. 13, Plate XX, which represents the traveller 
engaged in the erection of the false work for the 
anchor arm —- These derricks were each capable 
of carrying a load of 20 tons at an overhang of 90 ft., 
and were also operated electrically. Lighter lifting 
tackle for general use was, of course, also provided. 

The first operation to which this traveller was 
applied was the erection of the “ inside” false work. 
At the same time the main floor beams were put in 
place and the special temporary track girders for 
the outer traveller rails. The work was started at 
the main bridge abutment (see Fig. 13, Plate XXIV), 
and when the traveller reached the pier, it erected 
on the latter the main shoe. This stage of the work 
is represented by the views given in Figs. 18 to 21, 
on page 279. 

Each main shoe was built up in three stages. The 
lower consists of four steel castings, measuring each 
20 ft. 10 in. by 6 ft. 8 in. by 4 ft. in height. The 
scantlings of these castings range in thickness from 
2} in. to 3 in. and the weight of each casting is about 
40 tons. The four components are held together by 
24-in. bolts, and secured to the pier by twenty-eight 
3-in. anchor bolts through the extreme flanges and 
by sixteen 3-in. steel dowels secured to the interior of 
the castings. The former are sunk 5 ft. into the 
masonry and the latter 6 ft. The interior of these 
castings was filled up with concrete after the erection 
of the second tier of the shoe. This second tier 
transfers to the lowest tier the loads due to the 
weight of the bridge and to the wind. The former 
amounts to about 45,000,000 lb., and the maximum 
wind load is estimated at 6,200,000 Ib. The average 
stress on the masonry is 660 Ib. per sq. in., and the 
maximum 915 lb. 

The second tier of the shoe, as is well seen in 
Figs. 18 and 20, page 279, is built up of steel plates 
—stitch-riveted together. There are four webs,which 
match the webs in the main compression members 
of the cantilever, and these four webs are, of course, 
rigidly braced together by all necessary diaphragm 
plates. 

The main pins through which the cantilever arms 
transmit their thrust to the shoe are 30 in. in 
diameter, but in order to increase the bearing surface 
on the webs of the shoe and lower chord member, 
the pins are bushed as indicated in Fig. 22, annexed. 
This bushing is a steel casting with an outer diameter 
of 45 in. 

To facilitate handling, two pins are used at 
each shoe to take the thrust instead of one. 
This is shown in Fig. 21, but, nevertheless, each 
section of the pin weighs over 6 tons. The top 
stage of each shoe is also built up of steel plates. 
It receives the thrust of the main vertical over the 
pier and of the main diagonals of the web bracing. 
The joints at this point are illustrated in Fig. 17, 
page 278, which shows the junctions at the foot of 
one of the main verticals. 

An excellent idea of the enormous proportions of 
these main shoes is afforded by Fig. 20, on page 279, 
whilst Fig. 19 shows the two shoes in place on the 
pier, ready for beginning the erection of the anchor- 
age arms. This section of the work was started 
atthe main pier, and the material erected was sup- 
ported on outside false work independent of that 





used for supporting the traveller and the flooring of 


| the bridge. 
erection girders, which are fairly clear in Figs. 8 


We have already decribed the way in which the 
bottom chords were built up and a view taken 
during the erection of the first element of these 
chords is reproduced in Fig. 24, page 290, whilst 
Fig. 8, Plate XXIII shows the erection of the 
lower chord completed. Other views illustrating the 
erection of this shore span, at various stages, are 
reproduced in Figs. 9 and 10, Plate XXIII, and Fig. 5, 
Plate XXII, where the work in hand is the erection 
of the main vertical. Note should be taken of the 
independent inside false work supporting the floor 
members of the bridge and the temporary traveller 
tracks. 

To ensure that the lower chord should be straight 
under the designed bridge loading its deformation 


these large members under their own weights the 
pinholes were elongated, and as a consequence the 
work of assemblage and driving the pins proved ex- 
tremely easy. It has been already mentioned that 
the pins do not pass through the webs of the 
lower chord, but through gusset plates riveted to 
these chords. Each web member makes, there- 
fore, connection with this lower chord by means ot 
a separate pin, but these are, of course, so located 
that the lines of stress of all the members at a 
joint intersect in the same point, thus avoiding 
local bending actions. 

The floor beams are heavy plate girders 
88 ft. long and weigh some 50 to 60 tons each. 
In the case of those supported by the main 
verticals of the truss these girders have double 
webs and are 10 ft. deep over angles. Single webs 
are used for the intermediate beams, and these 
are 11 ft. 3 in. deep over angles. In general, these 
floor girders are connected to the truss verticals by 
| 1l-in. pins, but rigid connections are used for the 
| two beams at the outer end of the cantilever arm. 
The pin joints, used elsewhere, were adopted mainly 
with a view of facilitating erection, but also in part 
with the intention of eliminating the secondary 
stresses which rigid connection would generate in the 
truss verticals. 

The completion of the second stage of the opera- 
tion is represented in Fig. 8. The anchor bars 
were next put in place. A view of these is given 
in Fig. 12, Plate XXIV. The traveller next worked 
back to the river pier, completing, stage by stage, each 
panel behind it. This operation is illustrated in Fig. 8. 
The tension diagonals of the web were very long, 
and many of them had to be shipped in two pieces. 
Though tension members, they are rigid, riveted 








structures, capable of resisting without material 
deformation considerable transverse forces, whether 
due to their own weight or to extraneous sources. 
It had originally been intended to use a similar 


| type of structure for the uppor tension chords of 


the cantilevers, but it was ultimately decided to 
construct these as eyebars. The panel length was, 
however, too great to be spanned by a single eye 
bar—two being necessary. It was, however, con- 
sidered desirable to eliminate the flexure naturally 
due to the central joint. The eyebars were 
accordingly arranged in two tiers, one above the 
other, and the whole set for each panel were 


i} enclosed in a lattice girder framework, which gave 
i the desired stiffness against flexure and enabled 


the whole set for a panel to be hoisted and erected 


} as a single unit. These lattice stiffeners remain 


permanently in place, and are clearly visible in 


} Fig. 5, Plate XXII, which represents the anchor arm 


Fie. 23. Juncrion Piece at Tor or 


Mary VERTICAL. 


under this was computed, and after it had been 
erected complete as indicated in Fig. 8 the whole 
chord was lowered at each point of support by 
amounts numerically equal but of opposite sign 
to the above computed deflections. The maximum 
deflection needed at any point was 7 in. 

Every compression member was finished just 
so much longer than its nominal length that it 
would have accurately its nominal dimension when 
the bridge was fully loaded. Similarly, tension 
members were made, so that when unloaded they were 
a little shorter than their nominal length, but would 
acquire these nominal lengths when under the full 
bridgeload. Asa consequence of these precautions, 
the structure is almost free from secondary stresses 
when fully loaded, although when unloaded, the 
secondary stresses are considerable, but the primary 
stresses are then reduced, so that the combined 
primary and secondary stress is, in general, less than 
the maximum stress to which any component is 
oubjected. 

Having completed the erection of the lower chord 
members, the traveller was moved back again to the 
main pier and the work of erecting the web members 
commenced. This was effected in two stages, the 
lower halves being first erected up the middle joints 
of the K bracing, as indicated in Fig. 9. To facili- 
tate erection and to provide for the deformation of 


when erection was nearly completed. In the panels 
adjoining the main piers, there are 32 bars 16 in. 
wide by 2, in. thick, the area provided being 
therefore, 1,120 sq. in. Had the whole set been 
arranged in a single layer instead of in two tiers the 
overall width would have been excessive. The pins 
used are 14 in. in diameter and the holes in the eye- 
bars are 54; in. larger than the pin, tranverse to the 
bar and $ in. larger than the pin in the axial direction. 
This provision greatly facilitated the work of 
erection, and comparative tests showed that bars 
with these “ovalised” holes were not inferior in 
strength to similar bars having the usual round 
hole. Both broke in the body, and the differences 
in the deformation and permanent set were imma- 
terial. 

The next operation was the erection of the main 
posts over the piers. This operation is illustrated 
in Fig. 5, Plate XXII. The posts have a length of 
310 ft. between pin centres and the cross-section, 
measures over all, 9 ft. 2 in. by 10 ft. 2in. The net 
area is 1,903 sq. in., and the gross weight inclusive 
of the connections at top and bottom of each is 
about 1,200 tons. Under full load the thrust 
transmitted by this part is 266,000,000 lb. Each 
post was built up of plates and shapes and consists oi 
four heavy H-sections firmly braced together, and 
to facilitate handling it was shipped to the site in 
26 pieces. Of these those for the middle section 
were 36 ft. long and for the other four intermediate 
sections 55 ft. long, with a maximum weight of 
120,000 Ib. At its lower end this post rests on 
45 in. bi surrounding a 30 in. pin at the top of 
the main shoe. At the top two members are con- 
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nected up with the post on each side, viz., the main 
diagonals and the upper chords. A view of the 
connecting piece is given in Fig. 23, page 278. This 
component is the heaviest unit in the bridge, and 
had to be shipped in two sections, each of which 
weighed 65 tons. 

The channel cantilevers were erected by building 
out, and this work was greatly facilitated by the 
adoption of thé K system of bracing. With this 
the maximum over-hang required from the traveller 
was 42 ft., or one sub-panel of the bridge, and as 
the cross bracing between the two main trusses 
could be erected immediately behind the traveller 
tower, the rigidity of the structure could be well 
maintained throughout the whole process of erection. 
Different stages of this work are represented in 
Fig. 4, Plate XXIL, and Fig. 11, Plate XXIV. 

As already mentioned, the lower chord members 
near the pier were too: heavy to be handled in one 
piece and were accordingly erected in four pieces, 
which were spliced together in situ. In the case of 
the anchor span, the use of false work made this 
operation easy, but for the river arm which was 
built out, other arrangements were necessary. The 
plan adopted was to suspend a temporary “ flying 
bridge”’ underneath the member to be erected. 
This is represented in Fig. 16, page 278, and 
Figs. 26 and 27, page 290. In Fig. 26 half the chord 
member is shown in place, resting on this flying 
bridge, which extended across the whole width 
of the structure as indicated in the figure. 

A still later stage in the erection of this lower 
chord member is represented in Fig. 25, which 
also shows the splice plate for the diagonal and 
vertical web members. When the latter had been 
erected, the chord member became self-supporting 
and the flying bridge was moved forward ready 
for the erection of the next chord section. These 
vertical members were pin-connected to the chord 
at the bottom and to the middle joint of the K at 
the top. The driving of the pin at such a joint is 
illustrated in Fig. 15, page 278. 

The central span, which is 640 ft. long between 
centres of main pins, was erected on piling driven 
into shallow water a few miles below the bridge site. 
It was floated off this staging by barges and towed 
up-stream to the bridge and then lifted into place by 
chains operated by hydraulic jacks. As will be 
remembered, in a first attempt to effect this lifting 
operation a flawed casting used to support one 
corner of the span failed and precipitated the whole 
into the river. A full description of this accident 
and of the method of erection was given in 
ENGINEERING, September 15, 1916 and October 6, 
1916. It was impossible to salve any portion of 
the sunken steelwork, and an entirely new span had 
to be constructed. This was erected according to 
the original plans last year (see ENGINEERING, 
vol. civ, pp. 404 and 438), and the completed 
structure is, as we stated at the commencement 
of this article, represented in Fig. 1, Plate XXI., 
whilst Fig. 2, on the same plate, shows the test 
load which was run over the bridge on August 21 
last. The total weight of the two trains, which 
were allowed to rest on the bridge for 2 hours, was 
14,000,000 Ib. We heartily congratulate all con- 
cerned on the completion of this great enterprise. 





PAYMENT BY RESULTS. 
By D. Lyon McLarry. 

THE war has brought the importance of payment 
by results into a prominent position. Its general 
adoption has been strongly recommended by the 
Government, including an influential labour leader. 
It is recognised that if it could be generally applied 
in a form which met with the approval of both 

. employer and workman a tremendous improvement 
in output, reduction in cost and increase in 
would be effected, and that, both with regard to 
present and post-war conditions, it is a matter of 
outstanding moment. Yet, its has been 
negligible. This is mainly due to the fact that 
the systems so far adopted have, either owing to 
inherent defects or on account of having in some 
cases been applied in an unsympathetic and short- 
sighted manner, caused a certain amount of dis- 
Satisfaction among the workmen sufficient to induce 
the opposition of the trades unions to their further 
adoption, 





Regarding the two better known and more 
operated systems, t.¢., piecework and premium 
bonus, the writer is convinced that a lack of 
adaptability in the former and a want of complete 
understanding of the underlying principles of the 
latter are the main causes of their incomplete success. 
Piecework, except in the case of simple operations 
and large numbers of similar articles, is incapable 
of being successfully applied to shipbuilding and 
engineering generally. The Walton system of 
collective piecework, very successful and ideal in 
its effect regarding shell and similar repetition work 
where the output over a short period is accurately 
determinable, also lacks practical application to 
shipbuilding and engineering generally. 

The one system so far introduced which contains 
all the elements necessary to successful and 
sympathetic application to the variations of these 
trades is the premium bonus system, and it is 
regrettable that it should have been handicapped 
by mishandling. There has been too little thought 
and care given to the time setting, which in turn 
paved the way to that confidence-destroying mistake 
of “ rate-cutting,” to which latter the writer chiefly 
attributes any distrust of and opposition to the 
premium bonus system which has arisen in some 
quarters. 

If the progress that is so much called for is to be 
made, it is essential that the workmen should be 
shown that the objections they have to the system 
are due, not to the system itself, but to the manner 
in which it has been operated in some cases, and 
that both they and their employers should have a 
fuller understanding of the application of certain of 
its features, neglect of which inevitably acts against, 
and observance of which mutually benefits both 
parties. It is hoped that the following notes will 
show that the premium bonus system is capable of 
ideal application, and, properly handled, of auto- 
matically safeguarding the interests of workman and 
employer alike. 

While the statements which follow are true of 
any form of premium bonus, for the purpose of 
illustration, examples are given worked. on the 
Rowan premium bonus system, which has proved 
so successful where it was originated and in which 
the division of saving in labour cost effected appeals 
to the writer as being very fair and self-adjusting in 
a manner which would be difficult to excel. Sir 
William Rowan Thomson has described this system 
fully in his book on the subject, and for the purposes 
of this article it is only necessary to comment on the 
division in labour cost effected. 

Under the Rowan system the workman receives 
as a bonus the same proportion of hours to the time 
taken as the time saved bears to the time allowed. 
That is to say, if a man is allowed 100 hours in 
which to do a job and takes 75 hours, he, having 
saved 25 per cent. of the time allowed, receives as a 
bonus 25 per cent. of 75, which is 18} hours, his 
total wages for the job being 75 plus 18} hours at 
his time rate. This leaves 6} hours of the time 
saved to his employer, which is a proportion of 
three to one in favour of the workman. Below 
25 per cent. saving of the time allowed the proportion 
increasingly favours the workman, while above 
25 per cent. it decreasingly continues in his favour 
until it reaches 50 per cent., where the division is 
equal, after which the proportion is increasingly in 
favour of the employer. At the same time the 
workman’s actual bonus always increases in exact 
proportion to the time saved. 

Many workmen are confused on this point, and it 
should be made clear. Take a time allowance of 
100 hours. If a man saves 25 hours, he has worked 
75 hours, and his bonus is 18} hours, which, to 
bring it to a common basis for comparison, is 
equivalent to 25 hours bonus for 100 hours’ work— 
his employer’s saving being 6} hours. If he saves 
50 hours, he has worked 50 hours, and his bonus 
is 25 hours, which is equivalent to 50 hours’ bonus 
for 100 hours’ work—his employers saving being 
25 hours. If he saves 75 hours he has worked 
25 hours, and his bonus is 18}# hours, which is 
equivalent to 75 hours bonus for 100 hours’ work— 
the employer’s saving being 56} hours. So that the 
workman’s bonus increases in direct proportion to 
his efforts, while, as regards the time saved, the 
workman is increasingly favoured below 50 per 





cent., and above 50 per cent. the employer is 
increasingly favoured. 

It is an excellent division because the workman, 
in a case where he feels that the time allowed is 
rather little, can still work with a will knowing that 
he will be somewhat compensated by his consequent 
smaller saving bringing him a larger proportion 
of the time saved, while on the other hand the 
employer need not hesitate to allow additional time 
in case of doubt because he is similarly partially 
compensated by the consequent larger saving 
bringing him a larger proportion of the time saved. 
Also as the average amount of time a man can save 
without unduly exerting himself is below 50 per 
cent., anything above that is due to an over generous 
time allowance, and therefore the fact that a greater 
proportion over 50 per cent. goes to the employer 
is only just and, as will be seen later, it protects the 
workman from rate-cutting. 

There is an impression among some workmen 
that the employer should not share in the saving 
in labour cost effected at all, and they hold that the 
saving in on-cost should be a sufficient reward. 
The fallacy of this becomes apparent when the 
principle of the system is understood, and instead 
we find that before the system becomes of real value 
to the workman, the employer must have a pro- 
portion of the saving (over and above his working 
expenses) sufficient to make him directly interested 
in the workman’s bonus, without which margin he 
cannot be expected to work the system in the 
necessary free manner. This is quite apart from 
the advisability of the employer being in a position 
to reduce his selling price, thus improving his 
position as regards competition and obtaining more 
orders to the mutual benefit of himself and his 
workers, which is now generally recognised as sound 
trade economics. 

It cannot be too strongly emphasised that the 
fact that under the premium bonus system the 
employer shares in the saving in the labour cost is 
the strongest point in the workman’s favour. 
If the employer’s only reward was the somewhat 
intangible reduction in on-cost, then even the most 
prejudiced must admit that—since it is unreasonable 
to expect an employer to introduce a system for 
increasing production which is going to cost more 
per job than the system in use upon which he wishes 
to improve—he cannot be e d to allow more 
time than it would take under ordinary working 
conditions. And, as in fixing a time allowance 
there are always a good many variables to take 
account of, it is impossible for anyone to set a time 
which is not liable to be from 1 hour to, say, 5 hours 
in question, according to the amount of work on the 
job, the employer .must err on the safe side, and 
this lack of facility for adjustment would make 
the fixing of time allowances, in a way that would 
satisfy both sides, almost impossible. 

But, if the employer does share in the saving, 
he can afford to err—to the extent of his saving 
without actually losing—on the generous side. 
More important still is the fact that if he is to 
benefit in proportion to the saving it pays the 
employer to increase the time allowance sufficiently 
to encourage a man to make good bonus, whereas, 
if the employer is not to share in the saving, as the 
labour cost will then always be the same, there is 
an inducement to cut the time allowance as closely 
as possible. The following example illustrates the 
foregoing remarks. oe - 

Take a job the time allowed for which is 100 hours. 
Assume that the workman was not satisfied that this 
was a fair allowance and saved only 15 hours, that 
job would cost the employer 85 hours time plus 
12? hours’ bonus’; a saving to him of 2} hours. If, 
however, the man by being allowed 105 hours felt 
he was being well treated, worked with a will and 
saved what is a common proportion, say, 30 hours, 
the job costs the employer 75 hours’ time and 
21 hours’ bonus; a saving to him of 4 hours, as 
against 2} hours for the 100-hour allowance, while 
the workman receives a bonus of 21 hours for 
75 hours’ work, as against 12} hours for 85 hours’ 
work. But if the employer was not to share in the 
saving by allowing 105 hours, the job would cost him 
5 hours more than by holding to the 100-hour 
allowance. 

Anyone entrusted with the working of the bonus 
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system should realise the importance of erring on 
the generous side with the time allowances. This, 
unfortunately, has sometimes been forgotten, with 
disastrous results. There is nothing which will 
disgust a man, who is being asked to put forth 
extra effort, more than to feel that at the end of it 
he may find his return insufficient. It is imperative 
that he should feel certain that a fair return is 
secured. There is no excuse for niggardliness with 
time allowances. The system can produce the 
wherewithal to pay for generous working, the 
keynote of success is a feeling of confidence on 
the part of those who are being asked to put forth 
the extra effort, and if that feeling is not engendered 
and carefully maintained, dissatisfaction and loss 
will follow. 

The fact that the employer shares in the saving 
has a further recommendation in that it makes 
rate-cutting unprofitable, and this can only have 
occurred where there was a lack of understanding 
of its detrimental effect. There is nothing that is 
more likely to kill the system and, as the following 
example shows, it is as harmful to the employer 
as it is unfair to the man. A temptation to cut 
a time allowance might occur where an excessive 
amount of money had been earned in a given period, 
creating the impression that the time allowance 
was too much. Now, if the employer did not share 
in the saving, a reduction on the time allowance 
would be a direct gain to him, but in premium 
bonus it is not. Take, again, the case of a time 
allowance of 100 hours, and suppose a man had 
done the job in 50 hours, that would cost the 
employer 50 hours’ time and 25 hours’ bonus— 
a total of 75 hours. If the allowance was cut to 
90 hours, and the man still did the job in 50 hours, 
the cost would be 50 hours’ time plus 22} hours’ 
bonus—a total of 72} hours, making a saving to the 
employer of 2? hours for a 10-hour reduction. 

But—and this is the point—if the man, as would 
be natural, resented the reduction, he would not 
work so keenly, and if he took as little as 5 hours 
longer (did the job in 55 hours), he would receive 
55 hours’ time plus 21} hours’ bonus—a total of 
76} hours, thus costing the employer at the 90-hour 
allowance 1} hours more than it did on the 100-hour 
allowance. Further, if the man felt that rate- 
cutting was to follow a large saving in time, he 
would take good care to keep within safe limits, 
say 25 per cent., in which case the job would cost 
the employer 9 hours more than on the original 
allowance of 100 hours. As this would apply to 
all workers it is easy to see that rate-cutting, and 
its consequent destruction of the men’s confidence, 
does not pay the employer if he has a share in the 
saving in labour cost. If, however, he was not to 
participate in the saving in labour cost, by cutting 
the time allowance to 90 hours, he would save 
10 hours. From these facts it is surely clear that 
it is to the best interests of both sides that the 
employer should have a share in the saving effected 
in labour cost, over and above the on-cost and 
running expenses of the system. 

A point on which the Employers’ Federation 
and the trades union have been unable to agree is 
the method of fixing the rates or time allowances. 
The men, naturally, from their point of view, wish 
to have a say in the matter, while the employers, 
convinced of their desire and ability to adjust 
things fairly, reasonably object to surrendering 
their rights in the question and thus pave the way 
to endless discussions, This important point could 
be completely met by the following provision :— 

The rates or time allowances to be fixed by the 
employer, but the employee, if not satisfied, with 
an unestablished rate, to be free to work on ordinary 
time conditions, and the employer also to be free 
to have the job done on time conditions if he so 
desires. This inevitably safeguards both parties. 
The only justification there is for asking a man to 
work harder than he does on fair time conditions 
is that he will benefit sufficiently in return. If the 
time allowance for any job fixed by the employer 
does not offer sufficient inducement to a man to 
work harder, he can do the job on time conditions, 
and neither party is worse off than before. If the 
employer feels able to increase the allowance (and 
it should be easy for him to know) he can do so and, 
in a genuine case, both will benefit. 





ABBE AND PULFRISH REFRACTOMETERS. 


CONSTRUCTED BY MESSRS. ADAM HILGER, LIMITED, LONDON. 

















Fig. 1. 


It may be argued that this is an inducement to 
the man to work on time conditions in the hope 
that his allowance will be increased, but (ignoring | 
the fact that the employer should be able to tell, 
within safe limits, whether the time allowed is 
sufficient or not) assuming that the allowance was 
increased to a greater degree than was necessary, 
the employer is amply protected. If the man 
worked things so that he merely made a small 
saving on his increased allowance in the hope of 
justifying it, he could be told that he either saved 
a larger percentage (sufficient to make it a paying 
proposition) or that he would have to do the job 
on time conditions in future. There is a sprinkling 
of dead lazy men about, but the large majority are 
willing to work for a fair return and incidentally 
prove their ability. Thus the matter would adjust 
itself in due course, the worst conditions possible 
being that the job would be done on ordinary time 
conditions. This freedom on either side is important 
and covers any form of injustice or error. It is a 
final answer to any argument that might be raised 
against the premium bonus system, because it puts 
both parties in a position of absolute security. 





The more one studies the system, the more ideal 
its properties become. There is no objection which 
can be raised against it which cannot be directly 
met, except one which could be applied to any form 
of payment by results, or indeed any improvement. 
It is to the effect that the accelerated production 
will do men out of a job, a shortsighted theory 
which, under ordinary conditions, can only be met 
on broad economic lines, but which, under present 
conditions, is no reason at all. 

At the present time when the work a firm can 
get is restricted only by the amount it can do, when 
ships are wanted, and will be wanted for years to 
come, more rapidly than they can be built, when 
foreign builders advertise in British journals their 
anxiety to build for British owners, and everything 
points to the imperative need of Britain doing all 
she can to) keep her end up in commerce and in 
war, any such argument is futile. Men are more 
likely to lose work by refraining from doing that 
which will keep the work in their own country. 

Shipbuilding and engineering are of vital 
importance. All the organising, standardising and 
controlling in the world are of comparatively little 
use in increasing production unless the workmen 
concerned will put forth the requisite extra effort. 
The premium bonus system, properly handled, can 
induce and proportionately reward that extra effort 
on both sides in an ideal and safe manner. It is 


time the Government took definite steps in the 
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matter, and insisted on the system being put in 
operation wherever time conditions at present 
exist, for the period of the war. If the method of 
fixing rates indicated in the foregoing be adopted 
there can be no excuse for either party refusing. 
The large majority of the workmen of the country 
are good living, fair-minded men, and, the Govern- 
ment being in a position to carry the trades unions 
with them, will give it a fair field. It will then be 
up to the employers to justify the system for their 
country’s, their workmen’s, and their own saker, to 
the confusion of the present submarine menace and 
to the strengthening of Britain’s hand in the 
commercial war that is bound to come. 





THE ABBE AND PULFRISH 


REFRACTOMETERS. 


THE two refractometers, which we illustrate in 
Figs. 1 and 2, above, are of new t constructed by 
Messrs. Adam Hilger, Limited, and formed part of the 
exhibits of the firm at the British Scientific Products 
Exhibition which was closed last week. 

The Abbe refractometer, Fig. 1, designed for the 
accurate and rapid determination of the refractive 
index of a liquid (or also a solid), to the third or fourth 
decimals within the range 1. 3 to 1. 7, is a direct reading 
instrument and requires very little of the substance. 
In the case of a liquid, which may be turbid or coloured, 
or of a wax, which is melted in the apparatus, a thin 
film of the substance is spread on the common surface 
of two supe risms. By the aid of an attach- 
ment to the telescope —_ or artificial light may 
be used, and with the help of a circular scale on this 
attachment, the dispersion (i.c., the difference of the 
refractive indices for the C and F lines of the hydrogen 
spectrum) can be determined from tables supplied 
with the instrument. Two dense-flint prisms of 
60 deg. contain the film in question between their 
opposed hypotenuse faces; the upper prism has this 
face polished, and it is the critical edge for the total 
reflection of the light, that has through the 
substance examined (the film) and this prism, which is 
set on the cross lines in the telescope. The corres- 
ponding face of the lower prism is greyed to prevent 
the formation of false images, the prism itself serving 
to introduce the light into the liquid film. The prisms 
are mounted in a water jacket, and by means of 
thermostat constancy of temperature is maintained, 
this being , not only because the refractive 
index of liquids changes rapidly with temperature, but 
also because any wax to be studied has to be melted 
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at a definite temperature. The water jacket is attached 
to a radial index arm, which is hinged about a horizontal 
axis and is fitted with a lens and index moving over the 
graduated arc, on which three decimals can be read 
and the fourth decimal can be estimated. The tele- 
scope and achromatising attachment are fixed to the 
sector, and the whole system (telescope, prisms, index 


arm and sector) is hinged about a horizontal axis ; | th 


this arrangement is convenient for cleaning the prisms 
and applying the film, and facilitates the examination 
of solids. A solid to be examined is provided with a 
plane surface and attached to the refracting prism by 
means of a fluid medium having a higher refractive 
index than the substance. The optical particulars of 
the dense flints must be known with considerable 
precision, and sensitive tests have to be conducted 


to ensure, that all the glass of one particular batch is | inary 


of identical properties, and that the pri 
identical, so that a prism may be re. another 
in cases of accident or of severe wear.  achro- 
matising devices and the preparation of the tables call 
for the same care and scientific skill, features as to 
which the reputation of Messrs. A. Hilger offers a 
sufficient guarantee. When this instrument is to be 
used in .the sugar industry, it is supplied with an 
additional scale giving directly the percentage of 
“dry substance” at the standard temperatures of 
20 deg. or 28 deg. C. 

The Pulfrish refractometer has, owing to the ease 
and accuracy with which measurements of refraction 
and dispersion can be made comparable to spectro- 
meter methods, become the favourite instrument for 
determining the optical constants of glasses except in 
very special cases. Our illustration, Fig. 2, shows 
the improved design of Messrs. Hilger. A prism, 
exactly right-angled and of known optical density, 
is so mounted that one face is horizontal and the edge 
of the right angle parallel to the axis of rotation of the 
divided circle carrying the telescope. The specimen 
under investigation is placed on the horizontal face or, 
in the case of a liquid, in a shallow glass cell cemented 
to the top of the prism. A beam of monochromatic 
light is passed almost horizontally through the specimen 
so as to graze the prism face; the ray corresponding 
to the critical ak on emerging from the vertical 
plane face is observed with the telescope and measured, 
by means of a vernier, to half a minute of arc. With 
the aid of a clamp and micrometer differences in the 
angle of emergence of two spectral lines are measured 
within 0.1 minute of arc, and the dispersion is thus 
determined. Other parts of the instruments are a 
condensing lens and a supporting rod for the vacuum 
tube. giving the comparison spectrum.; by the help of 
as reflecting prism a sodium flame or other source 
of light may be used in the of the vacuum tube. 

One of the modifications of the latest design concerns 
the micrometer attachment. The arm which clamps 
the circle and the clamping device are so made 
that the micrometer readings are accurate without 
requiring the aid of a correction curve over the long 
range of glass-testing. Each of the prisms is mounted 
in a water jacket through which water is made to 
circulate at a definite temperature. Another water 
jacket can be placed over the top of the prism so that 
only the vertical face is left free, as it must be; this 
water jacket is secured to the base of the instrument 
by a clamp screw fitted with a large milled head so 
constructed that the jacket automatically assumes 
its correct position as the screw is tightened. A further 
point is the improved object in the focal plane, both for 
setting on the critical edge in the field and for adjusting 
the zero, that is, obtaining accurately the circle reading 
corresponding to the normal and the vertical face of 
the prism, If yo be the refractive index of the prism, 
« that of the specimen and ¢ the angle of emergence, 
then u= ./p? — 2einti; the values are read off 
from tables supplied with the instrument which is 
of course, as rigorously tested as the Abbe refractometer. 


angles are 





THE EFFECT OF COLD WORK ON COPPER. 


The Bffect of Progressive Cold Work upor the Tensile 
Properties of Pure Copper.* 
By W. E. Atxrys, B.Sc., Student Member 
(Manchester). 

Introduction.—It has long been known that when the 
majority of metals are submitted to cold work, by 
hammering, forging, drawing through dies, and so on, 
their physical and mechanical p rties are affected ; 
thus,‘the density decreases, the tensile strength increases, 
the ductility and electrical conductivity decreases, &c. 
To explain this “‘hardening by plastic deformation,” 
as it is called, various theories have been put forward, 
¢.g., the a gs phase theory of oar ee Rosenhain, 
and others, the inter-strain theory of McCanece, &c. 
None of these theories is wholly satisfactory, probably 
because each is founded on work which is qualitative 
only. Few, if any, attempte have hitherto been made to 





* Paper read before the Institute of Metals, Tuesday, 
September 10,1918. © ~' ’ in 





discover whether any quantitative relationship exists 

between the amount of cold work done upon the metal 

and the magnitude of the change in its jes. In 

the present paper an account vee of an inquiry into 
e 


the bor in tensile rper = form of 
wire as it is progressively y co! rawing in 
the ordinary 


way. 
Choice of ‘Metal. —It is not permissible to assume that 
e of hardening by plastic deformation 
will be exactly the same in the ease of both pure metals 
and metallic alloys; and it will be sufficiently obvious 
that beey ng er the metallic system investigated, the 


greater of gaining an insight into the pro- 
cess of the .; 


Copper was chosen as the experimental material for 
ape reasons ~ Aba it appeared xy he rene on of 
a simple ic system, whi no definite 
thermal change between its’ melting point and the 

re (compare, however, the recent work 
of Cohen, , from dilatometric observations, argues 
in favour of the existence of an allotropic modification 
yr empe with a transition point at about 70 deg. C. ; 
this 


be discussed in the sequel) ; (2) copper shows the 
hardening by ic deformation very well: thus, its 
tensile may be doubled by hard-drawi 


peri — _ tre Se a indication that fe 
is rawn ; y, ( generosity of Mr. 
M. A. Behem<f Mien Themen eleen ant Sons, 
Limited, Oakamoor, it was most readily obtainable by 
the author of sufficient ity* and in the ired form. 

Previous Work.—Earlier experiments nousteen carried 
out by Mr. Thomas Boltont and by Mr. D. R. Pye.t 
From a study of the results obtained by Mr. Bolton, Mr. 
A. P. Trotter, electrical adviser to the Board of Trade, 
concluded that there was a linear relation between the 
tensile strength and the diameter, and su that the 
tensile strength might be expressed by a forniula of the 


type: 
T=-<a—bD. 
where 

T = tensile strength in tons per square inch. 

D= di in inches, and a and 6 are constants. 

Mr. Pye§ adopted this type of formula, defining hard- 
drawn c r wire as having “im no case .. . @ 
breaking strength of less than that given by the formula : 

T = 30 — 20D.” 


Mr. Pye obtained his wire from various manufacturers, 
and did not attempt to trace any connection between its 
previous history and its tensile st The aim ofall 
three sayings mtg to have been to lay down a trade 
definition or for hard-drawn copper, and the 
wire used by Mr. Pye was almost certainly not taken 
from the same bey 24 of metal at successive stages in 
the drawing. Yet the latter makes his formula the basis 
for the suggestion that the increase in tensile strength 
is due to Sinhatenine. 

He suggests|| that the reason why the tensile strength 
is a linear function of the diameter—and therefore of 
the circumference—is to be sought in the process of 
manufacture. ‘‘Hard-drawn copper.” he says, ‘is 
forced through dies of progressively smaller size : during 
this process the outer skin loses its plasticity, becoming 
hard and of great tensile strength. This hardening is 
confined to the surface layers, and subsequently the 
effective strength of the whole wire is due to this cir- 
cumferential hard skin, and becomes proportional to 
the length of the circumference.” 

This suggestion Mr. Bolton was unable to accept. He 
quoted an experiment in which ‘a piece of 0.5 in. trolley 
wire was first tested as drawn and then turned down in 
a lathe and tested at various stages of reduction. Another 
portion of the same wire was drawn down to similar 
sizes and tested.”” The results “‘were not quite con- 
sistent, and the experiment might be worth repeating, 
but they tended to show that the 0.5 in. wire as originally 
drawn was really harder in the centre than the outside.” 

It appears, however, that the formula, 

T=a—bdD. 

is not capable of the interpretation put forward by Mr. 
Pye. It follows from the su ion of the latter that 
the actual tensile strength (Ta) of a wire of diameter 
2 r should be the sum of two amounts, one depending on 
the cross-sectional area (wr r2) and the other on the 
circumference (2mr). If, then, we assume that for 
each square inch of area we have a tensile strength of 
¢ tons, and for each inch of circumference a further tensile 
strength of c; tons, we have: 


Ta=2zrre+2rro. 
Calculating this in tons per square inch : 
Te THOT ITT Ly Ze 
x rk r 
Thus, for a wire of diameter 0.5 in., 
Tos = ¢ + 81; 
and, for a wire of diameter 0.25 in., 
Toes = ¢ + 16 ¢. 
But from the formula : 
T=a-—bD, 





* Determination of copper (with potassium iodide and 
tn erietaies atte the innan seaals 00.93 per 
cent., the er. consisting of oxygen with a much 
smaller —— of — ics 

| Journal of the Tastivuve o Motais, No. 2, 1911, vol. 
vi. page 165. 

§ Loc. cit. 


Loe. cit., page’ 176. 





for a wire of diameter 0.5 in. 
To5 = a— $b; 
and for a wire of diameter 0.25 in., 
To.25 = @ — } dD. 


¢ + 8, = a — $b; 
c + 160, = a — pb. 
3b 


e¢=a-— —j; 
4 
b 
=. 
32 
Now, for a wire of diameter 0.125 in., 
T =o + 32c) 
b 
=a+., 
+ 4 
Actually, however, from the formula 
T =-a— b D, 
for a wire of diameter 0.125 in., 


T=a— b 
8 

Tt may be objected that c would not remain constant ; 
it must therefore be assumed to increase with diminishing 
diameter; the discrepancy between the two values for 
the tensile strength of }-in. wire is thus not removed, but 
is actually increased. 

EXPERIMENTAL. 

Drawing the Metal.—A billet of copper was cast and 
hot-rolled to ;%-in. diameter in the oolinney way. After 
rolling, the bolt was annealed for four hours at about 
600 deg. C. to ensure the complete removal .of stresses 
inside the metal, and allowed to cool slowly. It was then 
pickled in sulphuric acid to remove oxide scale, and was 
cold-drawn by LF drafts down to 0.040 in. (one twenty- 
fifth, No. 19 8.W.G.) without any further annealing. 

From the bolt after pickling and from the wire after 
each draft a few feet were scrapped from the end, and 
three 2-ft. lengths were cut for testing. The successive 
drafts corresponded to the successive sizes of the Imperial! 
Wire Gauge, from No. 000000 down to No. 19, é.e., 25 
drafts in all. 

Measurement of Diameter.—Diameters were measured 
with a micrometer screw-gauge of the Brown and 
Sharpe Manufacturing Company. Readings were made 
to 0.0001 (one ten-thousandth) in., six readings were 
taken from each wire, and the mean of these was taken 
as the actual diameter. 

Tests.—The tensile strength of the wires was deter- 
mined in the Whitworth boratories of the Victoria 
University of Manchester on a 5-ton Buckton machine 
reading to pounds. Five determinations were made, 
and these were in every case concordant within 1 per 
cent.; the mean of the five was taken as the actual 
ee sap load, and was converted into tons per syuare 
inch. 

Results.—The results are shown in Table I below, and 
are plotted against diameter in Fig. 1, and against 
sectional area in Fig. 2, see page 284. 


Taste I—Results of Tensile Tests. 


Thus, 
and 


Hence, 


| 








Tensile Strength. 

" Mean id nee nee 

AO. 

ome er Diameter. Area Mean. | Tons per 

Lb. | Sq. In. 
In. . in. 

0 0-553 0°24019 8,333 15-49 
1 0-4653 0-17004 7,735 20-31 
2 0-4328 0-14704 7,157 21-73 
3 0-4015 0-12661 6,490 22-88 
4 0-3730 0-10027 5,678 23-20 
5 0-3487 0-095501 4,967 23-26 
6 0-3242 0- 4,434 23-08 
7 0-3014 0-071346 3,954 24-74 
& 0-2748 0-059308 3,456 25-98 
a 0-2530 0-050273 3,002 26-66 
10 2 0-042454 2,605 27-39 
11 0-2134 0-035764 2,246 28-02 
12 0-191 0-028923 1,840 28-40 
13 0-1767 0-024518 1,580 28-77 
14 0-1610 -020358 1,326 29-08 
15 0-1450 0-016513 1,092 29-53 
16 0- 0-012943 862 29-73 
17 0-1169 0-010732 718 29-88 
18 0-1049 00086450 582 80-05 
19 0-0920 0-0066476 450 30-22 
20 0-0798 0-0050013 340 30°35 
21 0-0719 -0040602 278 30-57 
22 0-0648 0-0032980 227 80-73 
23 0-0567 0-0025251 174 30-78 
24 0-0488 0-0018704 120 80-79 
25 0-0403 0-0012756 80-80 

















Obviously either of the curves (Figs. 1 and 2) may be 
obtained from the other ; therefore it is of no importance 
which jis selected for mathematical treatment. The 
curve of Fig. 2, which consists of two rectilinear portions 
united by a curve, will be further considered. ; 
General Remarks.—While the experimental] results give 
a smooth curve for the tensile strength against diameter 
or sectional area, they at the same time show conclusively 
that the effect of a certain amount of cold work at any 
—- intimately connected with the previous history 
of metal. Thus, there is one stage in the drawing at 
which a reduction of area of 10 per cent. (from 
0.372 in. to 0.348 in. diameter) is accompanied by no 
change in tensile strength. ‘ 
Analysis of the Curve Fig. 2.--The ourve (Fig. 2) 
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showing the variation of tensile strength with sectional 
area consists of two rectilinear portions, AV, CD, con- 
nected by a smooth curve BEC, This curved portion 


Tensile Strength in Tons per Square Inch. 





(478.4) Diameter in Inches. 







2 8 


Tensile Strength in Tons per Square Inch. 


a 


“sie, Sectional in Square Inches. 


shows only a point of inflexion at E, and not a maximum 
and minimum. 
The portion AB corresponds to the equation : 
T = 31.6 — 67A, 
where 
T = tensile strength in tons per square inch ; 
A = cross-sectional area in square inches. 
The upper rectilineal branch CD corresponds to the 
equation : 
T = 30.83 — 82.66A. 
The curved portion BEC agrees very closely with the 
expression : 
T = 23.2 —1\/A—0-107, 


but while the form of this portion is of the first importance, | 


the corresponding mathematical function is only of 
secondary interest. 

Significance of the Curve Fig. 2.—Differentiating the 
curve of Fig. 2 with respect to area (A), we have : 


Over the portion AB, a = — 67; from B to E the 


value of ay changes from — 67 at B to 0 at E; from 


E to C the value of a diminishes from 0 at E to| 


— 82.66 at 
(cf. Fig. 3, 


C, and over the branch CD, ad = — 82°66 


which is lettered to correspond with Fig. 2), 
Fé 


2. 


of £2 in Tons per 8q,In. per Sq, In. 





7 
& 


+ Sutional Aree in Sq. Inches 


Thus, from A to B the tensile strength increases at 
the rate of 67 tons per sq. in. for a reduction in area of 
1 sq. in., while from C to D the rate of increase is 82.66 
tons per square inch per square in.; the rate diminishes 
from B to 0 at E, and increases again from E to C; 
the curve shows no discontinuity, and at no stage is 


there a simultaneous diminution in sectional area and in 
tensile strength. 

From the foregoing considerations it appears that in 
the drawing of copper the phenomena which present 
| themselves are not of: that: simple nature which the 
amorphous theory would lead us to expect, That theory 
regards the process as continuous, in that further cold 
work always produces more amorphous material and gives 
therefore increased hardness. Yet we have seen that over 
a limited range reduction im area by cold work is ac- 
companied by no change in tensile strength—and of this 
the amorphous theory, as at present interpreted, offers 
no explanation. It appears legitimate, in the absence of 
quantitative data, to assume that the amount of cold 
work actually performed on a metal during drawing is 
measured by the decrease in cross-sectional area: 
granting this assumption, we are forced to the conclusion 
that two distinct changes occur during the hard-drawing 
of copper, and that these two changes, which do not 
occur simultaneously, are taking place or | the branches 
AE, ED respectively, of the eurve of Fig. 2.. Some 
further evidence in support of this view has been obtained, 
and will. be brought forward later. 

Investigation of Other Properties.—The variation of 
several other physical properties of the metal as it was 
drawn down was investigated, and such varied properties 
as density, elongation—both general and at fracture— 
scleroscope hardness, and so on, were all found to 
change in a similar way to tensile strength. Thus, for 
example, the density becomes constant over a limited 
range at 8.889, which corresponds to the specific volume 
0.11251, the values for the annealed bolt being 8.9165 
and 0.11214 respectively. In the case of every property 
investigated analogous results were obtained. It is 
intended that a full account of this and of further work 
shall form the subject of a subsequent paper. 

Suggested Explanation of the erved Facts.—As a 
tentative explanation of the results recorded in the 
preceding paragraphs, it is suggested that : 

When copper is subjected to cold work by drawing 
through dies, the first cha which occurs is allotropic 
in nature ; after this change is complete, i.e., presumably, 
when the whole of the metal has undergone transformation 
a second change sets in, which may be regarded either 
as allotropic or as explicable on the lines of the amorphous 
theory; of the two — the latter appears to 

e. 





be the more probab 
Additional Evidence.—In support of the above views 
the following additional evidence may be adduced : 


1. A set of wires drawn down from the bolt by heavy 
instead of light drafting, the reduction in area, which in 
the case of the tests above described was accomplished 
in 25 stages, being effected by 13 operations, was tested, 
and it was found that the results obtained, which are 
shown in Table II below and plotted against area in 
Fig. 4 fell on a smooth curve of the same type as the 


| 





Tensile Strength in Tons per Square Inch 


a 


| 


= 
4 





6 

878.0 = Sectional. Area tn 
curve of Fig. 2. Further, the values obtained coincided 
exactly with the curve of Fig. 2 over the range AE, 
which appears to show that the transformation occurring 


Taste Il.—Tensile Tests {Heavy Drafts). 





























j Tensile Strength. 
| Series No. Mean Sectional 
| Diameter. Area. Mean. | Tons per 
Lb. 8q. In. 
| 
} in. whew 
0 0-553 0- 19 8,333 15-49 
1 0-4334 0- 15096 7,270 21-50 
2 0-3476 0-094896 4,932 23-20 
3 . 0-2752 0-059482 3,504 26-30 
y 0-2820 0-042310 2,680 28-28 
5 0-1903 0-028442 1,898 29-79 
6 0-1596 0-02006 1,380 30-79 
7 0-1261 0-012489 882 31-52 
8 0-0004 0-0079169 541 32-02 
9 ° 0-0820 0-0052810 383 32-38 
10 0-0660 | 0-0034212 249 32-49 
ll » 0-0547 0-0023500 172 32- 
12 0-0480 0-0018096 133 32-81 
13 0-0397 0-0012350 91 32-82 
along that is constant, and independent of the 
manner in which the cold work is applied. pee E, 
however, the new curve does not coincide with » but 
rises more steeply, the tensile strength corresponding to 








the 0.040 in. diameter wire being mearly 33 tons per 
eaeare inch. This is well brought out on differentiation 
(Fig. 3, dotted curve). Thug the change which is taking 
place over the ED would ap 
in t from that occurring along AE. 

2. Wires of such a diameter that they fall within the 
range AE are apparently stable at the ordinary tempera- 
ture ; thus, after remaining for a year at room tempera- 
ture they have undergone no perceptible change in 
tensile strength. They are, however, as is well known, 
not strictly stable, but rather metasiable, as they anneal 
at temperatures of about 280 deg. C. and over, the 
tensile strength of the fully annealed wire being 15 tons 
to 16 tons per are inch. 

On the other hand, wires corresponding with points 
on the branch ED are unstable at atmospheric tempera- 
ture, their tensile strength undergoing a gradual re- 
duction. The fall in tensile strength becomes more 
rapid as the temperature is raised, but no definite anneal - 
ing temperature is observable; this may be explained 
as due to the progressive diminution in viscosity with 
rising temperature, and supports the suggestion that the 
second transformation may be bound up with the forma- 
tion of amorphous material. The spontaneous fall in 
tensile strength appears to cease when a value of about 
23 tons per square inch—which corresponds to the stage 
E (Fig. 3)—has been reached. It is hoped that some 
indication may be obtained from tensile time observations 
with regard to the ‘“‘ order of reaction” of the change 
which is manifested by this fall in the ultimate stress. 

It appeared at first sight that the phenomena above 
described, which present somewhat striking analogies 
with the behaviour shown by supersaturated (metastable) 
and labile (unstable) salt solutions, might be explained 
on the lines of the amorphous theory, on the assumption 
that, if the amount of amorphous material presented 
exceeded a certain critical percentage, spontaneous 
recrystallisation would occur. Thus, the stage E would 
correspond with this critical condition, and would be 
analogous with the limiting stage between metastable 
and unstable solutions. The difficulty in the way of 
accepting this suggestion lies in the form of the curve 
BEC, and in fact that the branch CD has a steeper slo 
than the branch AB, for there is no obvious reason why 
there should be a stage at which cold work does not lead 
to the formation of further amorphous material, yet 
beyond which the rate of production of the amorphous 
phase should be greater than the rate before that stage. 

3. Finally, it has been found that if fully annealed 
wire of any diameter is taken and drawn down, a stage 
is always reached when the area of the wire has under- 
gone a reduction of abour 50 per cent., where, over a 
imited range, further drawing causes no corresponding 
alteration in properties. Moreover, the physical pro- 
perties corresponding to this constant range are always 
the same, thus, the density is 8.889; the specific volume 
is 0.11251; the tensile strength is just over 23 tons per 
square inch, and so on. Hence, the point E (Fig. 2) 
5 gone to correspond with a definite physical state of 
the metal. 

Bearing of the present Work on that of Cohen on the 
Allotropy of Copper.—The results which have been de- 
scribed above rather tend to support the views advanced 
by Cohen, which have been to some extent a subject 
of controversy.* 

From dilatometric observations Cohen and Helder- 
man conclude that copper undergoes an enantiotropic 
transformation (Cu a to Cu 8 as the temperature is 
raised) at about 71 deg. ©. The change from Cu a, 
stable below 71 deg. C., to Cu 8 is accompanied by an 
increase in volume, and it appears that the observed 
——— would be explained pope goo this change to 

in progress over the branch AE of the curve of Fig. 2. 

Cohen and Helderman state that at ordinary tempera- 
tures copper ordinarily consists of a mixture of the a 
and 8 forms, of which the latter is slowly reverting to 
the more stable variety. That the 8 modification is 

resent in hot-rolled copper would appear to be proved 
by the fact that immediately drawing ins the change 
proceeds at its maximum rate—there is no “period of 
induction” as there is in the case of the second change 
(EC. Fig. 2). Further, the rate of the reverse change in 
masses of the metal is so very slow that it is imper- 
Li “er ~ after a year at the ordinary temperature. 
rther experiments now in hand will perhaps 
throw more light on the whole question of the applic- 
ability or otherwise of the views of Cohen to the 
phenomena under investigation. : 

[Note.—It should be borne in mind that there is no 
experimental proof that an allotropic change precedes 
the formation of amorphous metal; apparently the 
changes might occur in the reverse order, though this 
woul involve the transformation of amorphous into 
crystalline metal by the action of cold work. In this 
connection it is worthy of note that amorphous copper 
itself must be regarded as an allotropic modification, 
and therefore to assume the amorphous theory of the 
hardening of metal is to — the occurrence of 
allotropy amongst the metals. , : 

Summary a Conclusion.—The follo conclusion, 
then, may tentatively be drawn from the foregoing 
experiments : i 

The effect of progressive cold-drawing upon pure 
copper resolves itself into two distinct phenomena, w! ich 
may perhaps best be regarded as an allotiopic omy 2 
followed by a second transformation, probably to 
ms - i on the lines of the amorphous orgy : 

inally, the author desire to express cordial 


r to be different 





* Of. E. Cohen and W. PD. Helderman, Proceedings of 
the 
Amsterdam, 1913, 16, page 628; 
also G. K. ‘Burgess and 


Washington 


oninklijke Akademie van Westenschappen te 
1914, 17, page 60; 
I, N: Kellberg, Journal of the 

Academy of Science, 1916, 5, page 657. 
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thanks to Messrs. Thomas Bolton and Sons, Limited, 
Oakamoor, who gave and drew the metal, and more 
especially in this connection to Mr. M. A. Bolton; to 
Messrs. R. Wilson and E. Alkins, who were in charge of 
the drawing ; to Mr. C. Bond, who has checked many of 
the results ; to Professor Petavel, of the Engineering 
Department of the Victoria University of Manchester : 
and lastly to Professor C. A. Edwards, D.Sc.. and the 
staff of the Metallurgical Department of the University 
of Manchester, for many valuable suggestions and 
criticisms. 


THE RESISTANCE OF METALS TO 
PENETRATION UNDER IMPACT.* 


(Including a Note on the Hardness of Solid Elements as a 
Periodic Function of their Atomic Weights.) 


By Professor C. A. Epwarps, D.Sc., Member of Council 
(Manchester University). 

Iy a recently-published papert Mr. F. W. Willis and 
the present author described a very simple apparatus for 
making dynamic hardness determinations of metals. 
This instrument, which is illustrated in Fig. 1, was 
primarily designed for the purpose of making reliable 
hardness tests at elevated temperatures. In the paper 
just referred to extensive series of experimental results 





uber 





Fig. 1. 


were recorded which were obtained by means of this 
new instrument. About twenty different samples were 
examined ; these possessed widely different hardnesses 
—from 16 to 700—on the Brinell scale, and the data thus 
obtained were compared with the corresponding values 
obtained by the well-known methods devised by Brinell 
and Shore. The conclusions drawn from that investigation 
may be briefly summarised as follows :— 

(1) When using a 10 mm, hardened steel ball rigidly 
fixed into a hammer, reliable hardness tests can be made 
by the dynamic method, and the dimensions of the 
indentation produced, under known impact, can be 
converted into terms of the Brinell scale. The equation 
expressing the relationship between these two vaiues 
is “ = H, where d is the diameter of the indent, made 
with an impact of 63 in.-lb., and H is the Brinell hardness 
number. 

_ (2) The results obtained appear to indicate that there 
is a law governing the resistance to penetration of metals 
which are capable of plastie deformation. This law, 
which applies to the very soft metals and to hardened 
tool steel, may be expressed by the equationd=C x 
E25, where d is the diameter of indent made by a 10 mm. 
ball, C is a constant which varies with the hardness of 
the metal, and E is the energy of impact. 

_ (3) Although from (2) it is clear that the value of C 
18 @ measure of the hardness of a given metal, it would 
not appear desirable to use it in its t form for 
expressing the relative hardnesses of different samples. 
It would - better to calculate by means “i a 
equation the impact ene required to produce an 
indent of a hentineh size. this way a new hardness 
scale would be obtained, in energy units, which should 
be perfectly regular throughout its length. 

(4) By using the impact method the time factor is 
almost if not entirely eliminated, and by means of the 


equation already mentioned correction can be made for 
the influence of varying degrees of deformation. . 

(5) The method of estimating the hardness of metals 
by the height of rebound of a small hammer after falling 
from a fixed height does not a to be reliable. For 
this method to be satisfactory the energy of impact should 
be adjusted in such a way that the degree of deformation 
is the same for all comparative tests. Failing this, the 
indent should be measured and the observed rebound 
corrected to that which would occur if a standard indent 
were produced. Further, the impact should be suffi- 
ciently large to give a substantial indentation in order 
to minimise the influence of the character of the surface 
and the nature of the internal structure of the metal. 

PRESENT INVESTIGATION. 

The objects of the present investigation were :— 

(a) To examine how the values for the factors C and n, 
in the equation d= C x E”, are affected by varying the 
diameter of the ball which is used as the striker. 

(b) To determine the penetrating effects when cones 
of different angles are used. 

(c) To make careful determinations of the hardnesses 
of pure metals in the completely annealed state, and 
where possible, similar observations with non-metallic 
elements, with the object of comparing the results thus 
obtained with some of the indisputable physical constants. 

It may be noted here that in connection with question 
(c) it was originally intended to use the impact method 
for this purpose, but for various reasons, which will be 
stated later, this could not be done, and Brinell tests 
have almost entirely been relied upon. 

Before proceeding to discuss the results contained in the 
es paper, the author wishes to draw attention to the 
ollowing facts. 

Since the present experiments were completed, and 
whilst the paper was being written, a short article by 
Professor Unwin has appeared,t in which he referred to 
an extensive piece of work by M. Martel.|| 

Although this was the first reference to Martel’s paper 
which the author had seen, it was quite evident from 
Professor Unwin’s communication that he (Martel) had 
conducted a careful investigation on the impact method 
of making hardness tests. Through the kindness of 
Mr. G. C. Lloyd, secretary of the Iron and Steel Institute, 
the author has had an opportunity of reading Martel’s 
original paper and examining the evidence upon which 
he bases his extremely interesting and important con- 
clusions. The strikers used by Martel consisted of quad- 
rangular pyramids having the dimensions given in 
Table I; the weights of the hammers corresponding 
with the four pyramids are also given in the same 
table. 














Taste I. 
No. | Weight. Length. | Width. | Depth. 
= | 

kg. mm. mm. mm. 

1 = é< 21-00 35-0 7-5 4°5 
2 bo - 25-55 88-0 19-0 5-0 
3 we ve 10-00 68-0 5-3 4-9 
4 - ad 10-00 31-4 10-0 5-2 





| ‘The height of fall varied from 100 mm. to 1,000 mm. 
Within the limits of his experiments Martel came to the 
following conclusions :— 

(1) Other things being equal, the volume of the indent 
is poogectionss to the height of fall. 

(2) The volume of the impression is proportional to 
the weight of the hammer. 

(3) Other things being equal, the volume of the impres- 
sion is independent of the shape of the striker. 

(4) The ratio of the energy of impact to the volume of 
the impression is constant for any given metal and 
independent of the elements of the test. This constant, 
whidhapves the absolute resistance of the metal to super- 
ficial penetration, he suggested should be used as the 
hardness number. The number he used was the ener; 
in kilogramme-millimetres necessary to displace 1 cub. 
mm, of the metal under test. 

It will be observed that Martel’s hardness number is 
an exceedingly simple one, and if it is found to apply to 
a@ wider range of shapes than he used it would have 
many advantages over the one suggested by Mr. Willis 
and the author, namely, to express the hardness as the 
energy required to produce an indent of a standard size. 
There is an obvious disadvantage in nies preemie 
such as Martel adopted, i.e., the great di ty there 
would be in getting a material that would keep the 
desired shape when making tests with moderately hard 
metals. This drawback does not present itself to any- 
thing like the same degree when hemispheres are used. 
For the present work, four spheres of different diameters 
and four cones of geo angles have been used. They 














were dimensioned as follows :— P 
Cones. 
Diameter. 
No. ‘Hemi- f 
spheres Base. | Height. | Angle. 
mm. f | mm. mm. / ‘min. 
1 en GE ee 5 0 
2 7 i 3 10 10 53.C«<‘S 
3 10 ; 8 10 15 36 52 
4 15 | 4 10 20 28 64 
i 








Lead.—The sample with which the experiments were 
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made was sand-cast and hammered down from 1 in. 
thick to 4 in. thick. 


Brinell Hardness. 


Load. Indent. Hardness No. 
500 kgm. 8.40 mm. 6.95 
Scleroscope Hardness. 
Soft hammer ... ani on oe 2.0 
Cone Tests. 


Indentations were made under an impact of 17.5 in.-lb. 
with each of the four cones. The results are given in 
Table II, where it will be seen that the volume of metal 
displaced is practically the same for each striker. This 


Taste II.—Lead. With Cones. 




















Impact Indent Volume, Martel’s 
—- Energy, in Mm. | Cub. Mm. | Number. 
Kg.-Mm. 
Cone No, 1— 
17°65 .. 201-6 5-02 16°55 12-18 
Cone No. 2— 
17-5 .. 201-6 3-96 16-25 12-40 
Cone No, 3— 
17°5 .. 201-6 3-46 16-27 12-39 
Cone No. 4— 
17°56 .. 201-+6 | 3-12 15-90 12-68 


' 





means, of course, that Martel’s number—based on the 
energy of impact in kilogramme-millimetres used in dis- 
placing 1 cub.-mm. of metal—is constant, namely, a 
little over 12. It may be noted that no difficulty was 
experienced in making the measurements of the indents 
with this metal; there was no raising of the material 
at the sides of the impression. 

Hemisphere Tests.—The results obtained with hemi- 
spheres are given in Tables III to V. . 


Taste IIl.—Lead. With Balls. 






































Impact. 
——— Energy, Indent Volume, Martel’s 
Kg.-Mm. in Mm. Cub. Mm. | Number. 
5-mm. ball— xt 
v se sa 80-6 4-30 9-91 8-21 
7-mm. ball— 
35... ae 403-2 6-66 50-66 7°04 
Cies de 80-6 | 4°86 9-50 8-48 
| 
TaBLe [V.—Lead. 10 Mm. Ball. 
Impact Impact Indent 
Soon Energy, Diameter Volume, Martel’s 
in.-l Kg.- ‘ in Mm. Cub. Mm. | Number. 
a 
49-00 564-48 8-30 65-5 8-62 
42-00 483-84 8-04 55°7 8-68 
35-00 403-2 7-64 43-6 9-24 
26-25 302-4 7°22 33-5 9-02 
21-00 241-92 6-94 27-9 8-63 
3°5 40°32 4-66 5-01 8-04 
1°75 20-16 3-90 2-305 | 8-42 
Taste V.—Lead. 15 Mm. Ball. 
Impact Impact Indent 
Energy Energy, Diameter Volume, Martel's 
in.-lb Kg.-Mm. in Mm. Cub. Mm. | Number. 
35-00 408-2 8-30 35-0 11-52 
21-00 241-92 7°76 26-30 9-22 
10-5 120-96 6-74 14-50 8-34 
7-00 80-6 6-24 10+25 7-86 
5-25 60-48 6-00 9-00 6°72 
— 6:6 | 8-84 1-46 4°50 








Only one test was made with the 5 mm. ball, two with 
the 7 mm., but a series with the 10 mm. and the 15 mm. 
balls. For the first three sizes there is excellent agreement 
between the Martel numbers, the differences being well 
within experimental error. In the case of the 15 mm. 
ball, however, there is a marked deviation in this respect. 
The Martel number for this striker shows a pronounced 
increase as the energy of impact was raised. It is, there- 
fore, quite evident that in this instance the results are 


well outside the range wherein the 5 is constant. It will 


be more convenient to discuss the varying values of C 
in the equation d=C /E at a later ° 
Aluminium.—This sample, which was of an exception- 
ally high degree of purity, was in the form of a }-in. 
rolled Siete fe the completely ed condition, and 
was kindly presented to the author by Dr. Gwyer. 


Brinell Hardness. 


Load in Kgm. Indent. Hardness No. 
500 4.90 mm. 24.9 
1,000 6.70 mm. 24.7 
Scleroscope Hardness. 
Soft hammer... one 5.0 


Oone Teste.—The indents made in these tests were 
quite satisfactory in so much as there was little or no 
indication of the metal having been raised at the sides 
of the indents. The results are recorded in Tables VI 
to IX and plotted in Fig. 2 on the next page. 

With cones Nos: 1 and 2, for which both high and low 


evergies of impact wore used, the respective values for 5, 
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are sufficiently close to be as constant when E 
was above, say, 17.5 in.-lb. For lower impacts, however, 
there appears to be a fall in the hardness number. 


Taste VI.—Completely Annealed 


Aluminium. Cone 
No. 1. P 


Angle, 90°. 





Impact 
Keon. 


a 


Indent 


Volume, 
in Mm. Cub. Mm. 
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Tasie VIII.—Completely A 
No. 3. 





Led Al 
Angle, 36° 52’. 


9 
2 





Impact 
Energy, Martel’s 


Indent 
Mm. Number. 


Volume, 
in Cub. Mm. 





29-08 
18-32 
13-33 
9-56 
4-77 


41-59 
44-01 
45-30 
41-20 
42-47 











Annealed Aluminium. Cone 
Angle, 28° 4’. 


.—Completely 
No. 4. 





Ea Indent 
nergy, 
Kg.-Mm. | in Mm. 




















With one exception, the results obtained for cones 3 
and 4 show that = is practically constant for each 
respective series. When comparing the Martel numbers 


Fig. 2... ALUMINIUM CONE TESTS 
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for the different cones it will be noted that these tend 
to become greater as the angle of the cone diminishes. 

— a Tests.—The experimental data as given 
in Tables X to XIII, and plotted in Fig. 3. 

With this form of striker the experimental! observations 
are much more regular than in the case of the cones. 
Broadly epeaking, the Martel numbers for each series 
of tests, SE te te Seppe sabin vole 
close agreement. change in number as the 
diameter of the ball increases is rather small, but it is 

uite noticeable, and in view of the large number of tests 

can scarcely be regarded as due to experimental 
error. 


, Pin.—This sample was prepared by first casting the 
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metal in a 1-in. sand mould. It was then hammered down: 
2d @ }-in. plate and annealed at 110 deg. C. for three 


ours. ; 

Brinell Hardness. 

Indent. 

6.06 mm. 
Scleroscope Hardness. 
Soft hammer dos he 
Cone Tests.—It is necessary to state that hese 
experiments the results, which are given in Tables XIV 


Hardness No. 


Load in Kgm. 
500 15.6 


6.0 
7.5 
in t 


Fig.3. ALUMINIUM BALL TESTS 
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Fig.4. Tin CONE TEEsTs 
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lotted in Fig. 4, must be examined with 
use they do not exactly represent the 


TaBLE X.—Aluminium completely Annealed. 
5 Mm. Bail. 
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TaBLe XI.—Aluminium completely Annealed. 
7 Mm. Ball. 
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Kg.Mun. 


Indent 


Martel’s 
in Mm. 


23 
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true amount of metal which was displaced. This defect 
arises from the fact that there was a decided tendency 
for the metal to be squeezed to the sides of the indenta- 
tion and not to be pressed inwards, as was evidently the 
case for lead and inium. This objectionable feature 
applies more particularly to cones Nos. 2, 3 and 4; 
in the case of No. 1, the impression was practically the 
same as for those previously considered. Since the 
diameters of the indents were measured, it follows that 
the calculated volume of the material di was 
greater than if the depth of the im; ion had been 
measured, and as a result it naturally leads to a low 
Martel number. ‘ > 








TaBLe XII.—Aluminium completely Annealed. 
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Energy, 
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.—Tin. Cone 
Angle, 90° 0’. 


= 
a 
: 





imeest 
nergy 
in.-Ib. 


Im 
me 


°° Indent 
Kg.-Mm. 


in Mm. 





70-00 
35-00 
26-25 
17°5 
8-75 


806-4 
403-2 
302-4 
201-6 
100-8 














[In view of the relatively small volume displaced when 
using this cone with tin the tests were repeated a number 
of times, but the same results were obtained.} 


Taste XV.—Tin. Cone No. 2. 
Angle, 53° 8’. 








< Indent 
in’ Mm. 





ws e 


>| SBeSSee 





TaBLe XVI.—Tin. 


: 


Angle, 36° 52’. 





Impact 
Ene 
Kg.-Min. 


—_ 
im] 
a 
= 
oe 


Martel’s 
Number. 


31-08 
12-16 
8-58 
6-12 
3-14 


Volume, 
Cub. Mm. 








TasBie XVIIL.—Tin. . 4. Angle, 28° 4’. 





Impact 
Martel’ 
Kg in. Number. 


ee 


27-2 
33-6 
37-0 
34-4 


Volume, 
Cub. Mm. 





29-64 
11-99 
8-17 
5°86 

















As regards cones 2, 3 and 4, it will be noted that in 
each series the highest impact gives the lowest Martel 
number, and that as the energy of impact is raised this 
number first increases and then decreases. With the 

ible exception of the values recorded for impacts 

of 70-in. Ib. the above-mentioned variations are quite 

small and may be attributed to errors of measurement. 

The low hardness numbers obtained for the hest 

impacts may be due to the excessive piling up the 

metal at the sides of the indent, giving an abnormally 
igh figure for di metal. ‘ : 

t is interesting to note that the maximum difference 
between the values obtained with cones 2, 3 and 4 for 
any given impact is only 2. From this it seems reason- 
able to conclude that with any given impact all cones 
between the angles 53° 8’ and 28° 4’ will give a constant 


figure for = but the evidence is not ‘complete enough to 








SepT. 13, 1918.] _ 


ENGINEERING. 


287 








form @ more general conclusion. As regards cone No. 1, 
the energy required to displace unit volume of metal 
is greater than for the three cones of smaller angle. The 
hardness number for this cone is from 12 to 16 higher 
than those for the othérs. A certain amount of this 
difference is undoubtedly due to the metal not being 
raised at the sides of the indent in this series of tests, 
but in the absence of more reliable data it is impossible 
to say whether it is entirely accounted for in this way. 
Hemisphere Tests.—The results for the fout ‘series of 
tests are given on Tables XVIII to XXI, and these are 
plotted in Fig. 5. In view of the unsatisfactory character 


Taste XVIIL.—Tin. 5 Mm. Ball. 


























Impact Impact 
Energy Energy, Indent Volume, Martel’s 
in.-Ib. Kg.-Mm. in Mm. Cub. Mm. | Number. 
95-0 408-2 4-50 12-65 31-8 
24-5 282- 4°16 8-22 34-3 
21-00 241-9 4-10 7-60 31-8 
17°56 201-6 4-00 6-60 32-1 
14-00 161-28 3-82 5-15 31-5 
10-5 120-96 3-52 3-72 32-5 
7-00 80-64 3-26 2-75 29-3 
5-25 60-48 3-02 2-05 29-5 
3-60 40-32 2-72 1-25 82-2 
Average : 
31-66 
Taste XIX.—Tin. 7 Mm. Ball. 
Impact Impact 
Ene Energy, Indent Volume, Martel’s 
in.-l Kg.- in Mn. Cub. Mm. | Number. 
35-00 403-2 5-12 12-2 33-0 
26-25 302-4 4-70 8-25 36-7 
21-00 241-9 4-48 6-70 36-1 
17°56 201-4 4-34 5-85 34-4 
10-5 120-96 3-76 3-14 88-5 
7-0 80-64 3-54 2-44 33-0 
5-25 60-48 3-30 1-80 33-6 
3-5 40-32 2-96 1-14 le 35-4 
ve : 
35°21 
Taste XX.—Tin. 10 Mm. Boll. 
Impact Impact Indent 
Souey Energy, Diameter Volume, Martels’ 
in.-Ib. Kg.- in Mm Cub. Mm. | Number. 
70-00 806-4 6-4 19-42 41-52 
56-5 605-9 6-16 16-46 36°81 
42-00 482-8 5-78 12-40 38-80 
35-00 403-2 5-54 10-39 38-81 
28-00 322-56 5-30 8-62 37-46 
18-00 207-36 4-80 5-67 36-56 
14-00 161-28 4-50 4-34 39-44 
7-00 80-64 3-80 2-155 87-16 
3-5 40-82 3-30 1-21 87-42 
1-75 20-16 2-66 0- “ 40-30 
verage : 
38-43 
Taste XXI.—Tin. 15 Mm. Ball 
Impact Impact Indent 
Ene Energy, Diameter Volume, Martel’s 
in.-Ib. Kg.-Mm. n ib. Mm. | Number. 
35-00 403-2 6-10 9-60 42-00 
26-25 302-4 5-70 7-30 41-4 
17-5 201-6 5-10 4-67 43-1 
12-25 141-1 4°80 3-60 39-2 
8-75 100-8 4-36 2-45 41-1 
6-25 60-48 3-94 1-62 37-3 
3°5 40-32 3-60 1-12 36-0 
1-75 20-16 3-02 0-60 33-6 
| Average : 
39-21 











of the indents obtained with this metal when cones were 
used, it is perhaps important to record that the indents 
made with the hemispheres were quite normal. 

, The first item to note is that the hardness number, or 


> obtained for each particular hemisphere under widely 


different conditions as regards the value for E, are in 
very good agreement with each other. In fact, with one 
exception (1.75 in.-lb. for the 15 mm, ball) the greatest 
difference between the maximum and minimum figures 


is 6.0. In comparing ed for each of the four series of 
tests it will be observed that there is a decided indication 


that the number becomes greater as the diameter of the 
ball inereases. The averages are :— 


Diameter of ball 


5 mm. pee --. 31.66 
7 mm. om --- 35.52 
10 mm. --- 38.43 
15 mm. . 40.00 excluding the observa- 


tion for 1.75 in.-lb. 


Coprer-Zinc PLaTE (28 PER Cent Zinc). 
Brinell Hardness. 


Load in Kg. Indent. Hardness No. 
3,000 4.52 177 
Scleroscope Hardness. 
Hard hammer ... et oe 33.5 


Cone Tests.—Attempts were made to carry out 


experiments with this metal when using cones as strikers, 
but they had to be abandoned on account of the excessive 
wry Mes the metal around the indent. The trials which 
have nm made in this direction appear to indicate that 
with the cones used by the author the raising of the 
metal at the sides of the impression increase with the 
hardness of the metal. 
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6. COPPER ZINC-PLATE 
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A Tests.—The data for these experiments 
are recorded in Tables XXII to XXV and plotted in 


. E . 
Fig. 6. As regards the values for yin each series of tests, 
it will be noticed that whilst there is a certain amount 
of eo which may be due to experimental error, 
the indicates that there is a more or less pro- 
re as the i is lowered. 





ee increase in this 
tther, when comparing these numbers for the different 





hemispheres it will be observed that there is 


te 
pronou yor ty 


increase as the diameter of the ball is raised. 
al Di. ion.—The experiments which have been 
made with cones of different angles are not sufficiently 
: te or extensive to permit of pay Cg om conclu- 
sions being drawn. The data obtained been rendered 
somewhat unreliable, largely owing to the author not 
being in a position to measure the depths of the peg et 
sions instead of the diameters. This difficulty has 
intensified by the use of small angled cones, which cause 
the sides the indents to become very considerably 
higher than the original surface of the specimen. These 


Tasre XXII.—Copper-Zinc Plate. 5 Mm. Ball. 












































Impact Impact 
Raorsy rey, Indent Volume, Martel’s 
in.-lb. Ke.-Mm in Mm. Cub . | Number. 
140-00 1612-8 4-00 6-82 236-4 
105-00 1209-6 3-76 5-06 235-1 
70-00 806-4 3-40 3-20 262-0 
62-5 604-8 8-18 2-35 253-1 
35-00 403-2 2-86 1-50 268-8 
17°56 201-6 2-40 0-710 283-9 
10-5 121-0 2-10 0-407 297-3 
TABLE XXIII.—Copper-Zine Plate. 7 Mm. Ball. 
Impact Impact 
Ene’ Energy, Indent Volume, Martel’s 
in.-Ib. Kg.- in Mm. Cub. Mm. | Number 
70-00 806-4 3-74 3-08 261-5 
63-00 745-8 3-66 2-80 259-0 
52-5 604-8 3-44 2-16 280-0 
42-00 483-8 3-16 1-52 318-0 
35-00 403-2 3-02 1°25 $22-5 
$1-5 352-9 2-92 1-08 $26-7 
28-00 322- 2-82 0-94 343-0 
24-5 282-25 2-72 0-805 350-5 
21-00 241-9 2-66 0-74 321-9 
10-5 121-00 2-25 0-38 318-0 
7-0 80-6 1-98 0-22 366-0 
TaBLeE XXIV.—Copper-Zinc Plate. 10 Mm. Bali. 
Impact Impact 
Energy Baste? Indent Volume, Martel’s 
in.-lb. Kg.-Mm. in Mm. Cub. Mm. | Number. 
70-0 806-4 3-94 2-50 322-5 
63-0 725-8 3-75 2-05 354-0 
56-0 645-1 3-66 1-85 348-7 
49-0 546-5 3-48 1-53 368-9 
42-0 483-8 3-32 1-23 393-3 
35-0 403-2 8-16 1-012 308-4 
81-5 362-4 3-10 0-936 387-1 
24-5 282-25 2-89 8 397-5 
21-0 241-9 2-83 0-65: 871-0 
17°56 201-6 2-69 0-632 378-9 
14-0 161-38 2-49 0-390 413-5 
10-5 121-0 2-31 0-287 421-6 
7-0 80-6 2-06 0-180 447-7 
6-25 60°56 1-04 0-141 429-0 
3-5 40-3 1-71 0-084 479-7 
1°75 20-15 1-46 0-044 - 
Taste XXV.—Copper-Zinc Plate. 15 Mm. Ball. 
— 
Impact 
Ene Energy, Indent Volume, Martel’s 
in. Kg.-Mm. in Mm. Cub. Mm. | Number. 
140-0 1612-8 4-94 4-12 |* 301-4 
105-0 1209-6 4°54 2-88 420-0 
70-0 806-4 4-22 2-20 366-7 
35-0 403-2 8-40 0-92 438-2 
$1°5 352-9 3-24 0-75 470-0 
28-0 322-56 8-14 0-68 472-9 
24:5 282-26 3-02 0-57 495-0 
21-0 241-9 2-96 0-52 465-4 
14-0 161-3 2°70 0-35 460-8 
10-5 121-0 2°54 0-29 417-0 

















remarks do not apply to the tests made with lead, nor 
to cone No. 1, having an angle of 90 for either aluminium 
or tin. 

As regards lead, the energy required to displace unit 
volume of metal was the same for each end, which fits 


in with Martel’s law. So far as the present ppc sean omen 
are concerned, this cannot be said to apply to 

and tin, but it is quite possible that the observed differ. 
ences in this connection may be due to the manner in 
which the measurements were. made. The results 
obtained for lead with the four cones, and the 5 mm., 
7 mm. and 10 mm. hemispheres, show that g is constant 


for each type of striker; but there is a substantial 
difference in this respect when the values for the two 
types are compared with one another. In a lesser 


degree this difference between the ratio + for the two 


kinds of strikers, is manifest in the case of aluminium 
andtin. This ratio is therefore not entirely independent 
of the shape of the striker. 


It is somewhat remarkable that whilst : is constant 
for the 5 mm., 7 mm: and 10 mm. hemispheres, it varies 
considerably 


very with impacts with thé 
15mm. 3 This pooulies teatere is riot revealed 
when testing metals. 


The tests made with aluminium indicate that % is 
practically constant for any particular hemisphere, but 
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there is a slight t h pymomene increase in this ratio 
as the diameter of t. emisphere is increased. The 
same applies to tin, but in this case the change is more 
pronounced. 

As regards the copper-zine alloy, the ratio z becomes 


progressively greater as the energy of impact decreases, 
and it also omes greater with an increase in the dia- 
meter of the hemisphere. 


d 

Discussion of the Equation C = 4/E.—It would take 
up am unnecessary amount of space to record all the 
figures which have been calculated from each indent, 
and to give a detailed description of the manner in’ which 
they vary would take more time than the author has at 
present at his disposal. In view of this, and the fact 
that it'is felt that still more careful and extended obser- 
vations are needed before any om decid lusi 
can be safely made, it is proposed to give only a brief 
account of the general bearing of the results in this 
connection. The need for further work will be evident 
when it is remembered that a comparatively smal! differ- 
ence in the size of an indent has rather a serious effect 
upon the value of the factor C, Before it can be stated 
whether the above equation is substantially correct for 
all metals when using hemispheres of different dia- 
meters, it will be necessary to have a much more delicate 
means of measuring the indents than has been possible 
in the course of the present investigation. An error of 
plus or minus 0.05 of a mm. in many of the low indenta- 
tions is sufficient to have an appreciable effect upon the 
value of C, 

Generally speaking, it may be concluded that the 
experiments with the different hemispheres indicate that 
the diameter of the indents agree very closely with the 
equation d= C 4/E. Most of the observed deviations 
are well within the range of possible error due to defective 
measurements. With impacts between, say, 20 in.-lb. 
and 70 in.-lb. the values for C may be regarded as 
virtually constant. Even within this range of impact 
there is, however, a slight tendency for C to become 
greater as the impact decreases, and with still lower 
impacts this change tends to increase. This applies 
more especially to the softer metals, for as the hardness 
increases there is certainly less deviation from the above 
general equation. In fact, in the few cases with hard 
samples, where the indents have been measured under 
the microscope, the equation as it stands is in perfect 
agreement with the experimental data. In spite of this, 
however, the author is at present inclined to the view 
that the above expression is not absolutely accurate, 
but that an additional correction will be required before 
it truly represents the resistance to penetration under 
im t. 

order to illustrate the variation of the factor C with 
the different hemispheres, these have been plotted for 
six samples in Fig. 8. These curves are obviously very 
similar, and if the y correction can be satis- 
factorily introduced in the equation d = C 4/E, it 
may be possible by means of curves of this kind to get 
an expression which will embrace changes in the diameter 
of the hemisphere. 

Static a mic Hardness.—On referring back 
to the data of aluminium and tin, it will be found that 
the Brinell hardness number for the former is 24.8, 
and that of the latter is 15.6; or, in other words, tin 
is 37 per cent. softer than aluminium. Having first 
obtained these results, it was rather bewildering to find 
that a greater impact energy was required to produce 
a given sized indent in tin than io ciasiadeas. Since 
up to the time this fact was observed it had been found 
that there was apparently a definite relationship between 
the impact indents and the Brine]! hardness, it was quite 
natural that the results for aluminium and tin, where 
the order of their hardnesses was completely reversed 
when tested by the two methods, were regarded with 
considerable doubt, and it was not until they had been 
repeated a number of times that the author felt justified 
in accepting them. Having once established the fact, it 
became a matter of interest to inquire why there should 
be such a marked difference in the behaviour of one 
of these metala when tested by impact, and also to 
examine the data which was at hand, with a view of 
seeing whether any of the other metals behaved in a 
similar manner. 

prttios the diameters of the indents produced 
under a fixed energy of impact, for a number of samples, 
against their corresponding Brinell numbers, it was 
found that the point for tin was well off the general 
curve, Thus it was evident that the reversal in the 
order of the hardness by the two methods was due to 
tin showing an abnormally high hardness under impact 
and not to aluminium appearing softer by this test. 
Knowing that tin is one of the metals which gives rise 
to the formation of twin crystals when subjected to 
certain kinds of mechanical deformation, it was thought 
that the peculiar feature observed above was in some 
way connected with this propert.. | Whether this is so 
or not the author is unable to say, but the following 
simple experiment seems to indicete that tin unde 
a different kind of deformation when subjected to quick, 
than to slow, applications of stress. Small specimens 
were p by casting on polished steel; some of 
these were slowly deformed by pressing the point of a 
in into the surface, whilst others were quickly stressed 
y hitting the head of the pin whilst the point rested 
on the surface. The indentations were then examined 
under the microscope, and in all cases the indent which 
was formed quickly was found to be surrounded by large 
nambers of twin crystals, whereas with very slow and 
steady pressures there were practically no twin crystals 
produced, deformation evidently proceeding by a process 
of ordinary slip. In some instances twin crystals 
were entirely absent with the slow pressures, but to get 











this result great care is required, as relatively insignificant 


side thrusts cause the twinning to —— 
In view of the behaviour of tin the results which had 


already been obtained with the Brinell and impact tests 
for cadmium and zinc, which are known to give twin 
crystals by mechanical strain, were examined. Strange 
to say these metals showed the same characteristics as 
tin, namely, in comparison with other metals they were 
relatively much harder when tested by impact than by 
Brinell. These results are clearly illustrated in Fig. 
8, where the diameter of the indents made with an 
impact of 35 in.-lb. are plotted against the corresponding 
Brinell numbers. At present the author cannot offer 
a satisfactory explanation of the marked difference in 
the behaviour of these metals when tested by the two 
methods. It will be noted from Fig. 8 that pure iron 
also falls off the general curve. If these facts are in 
some way connected with the question of crystal twinning, 
then it is a matter for interesting speculation why a 
metal should apparently absorb considerably more 
energy in being quickly subjected to 
deformation than if the same amount 
brought about slowly. 

It should be observed that although a greater initial 
ene of impact is required to produce a given amount 
of itemation in tin than aluminium, it does not 
necessarily follow that a greater amount of energy is 


deformation is 





a + ve degree of |” 





worthy, marks, the recorded value for this element as 
an unreliable one. The purity of the magnesium sample 
was also only a little over 99 per cent., and on that 
account the hardness will no doubt be on the high side. 
All the remaining samples were of the highest possible 
commercial purity, and the hardness numbers given may 
therefore be taken as being substantially correct. 
' The results are given in Table XXVI and plotted 
inst atomic weights in Fig. 9. A mere glance at this 
diagram is quite sufficient to show that the hardness of 
solid elements is a periodic function of their atomic 
weights. When these curves are compared with the 
periodic changes of the atomic volumes of the elements, 
also plotted in Fig. 9, it will be seen that there is a decided 
connection between the two. There is, however, an 
even closer parallelism between the curves for absolute 
melting points and hardness, than for hardness and 
atomic volume. Practically all the changes in the 
melting-point curve are reflected by corresponding 
changes in hardness. 
Owing to the pressure of other work, the author regrets 
that he cannot discuss the bearing of these results on 
the work and theories of Traube, Richards, Van der 
Waal, Benedicks, and the recent interesting publications 
in this Journal by Dr. 8. W. Smith. It is felt that. the 
facts are of sufficient importance to stand alone, and may 
be of more use to other investigators if they are not 
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absorbed by the former metal. The fact that sclero- 
scopic tests give higher hardness values for tin would 
seem to indicate that the resilience of a metal is relatively 
higher if its crystals undergo twinning. 


Nore oN THE HarpNeEss OF Souip ELEMENTS AS A 
Periopic Function OF THEIR ATOMIC WEIGHTS. 


From time to time many attempts have been made 
to correlate the property of hardness with other physical 
P rties, but the data so far published does not appear 
to sufficiently extensive or reliable to permit of a 
satisfactory rule being established. 

It has for a long time been considered that the hard- 
ness of a metal bears an intimate relation to its atomic 
volume.* This view is possibly correct so far as it goes, 
but the evidence which the euther has obtained indicates 
that the relationship is not a simple. one, for any con- 
nection which may exist in this respect appears to be 
more clearly defined as a periodic and not as a direct 
function of the atomic volume. 

In the early stages of the experiments which are 
recorded in this section of the 
use the impact method for making the determinations, 
but it was soon found that this would not be convenient, 
for the following reasons :— 

1. Many of the elements tested were much too brittle 
to withstand an impact that would give a measurable 
indent ; and 

2. The abnormal! behaviour of tin, cadmium, and zinc, 
under impact, rendered such a test unsatisfactory for 
this particular purpose. 

The Brinell test has therefore been used where it could 
be , gy, but even this was not possible in the case 
of silicon, sulphur, manganese, selenium, and tellurium. 
In those cases scleroscopic measurements have been 
made, and the corresponding Brinell values estimated 
from a Cognos which was published in the earlier paper 
by Mr. Willis and the author. All the malleable metals 
were in the rolled but completely annealed comdition. 
os samples were ow sagt rave ay elements. 

manganese sample was of very doubtful purity, 
and this, coupled with the fact that - estimated Brinell 


ination from a scleroscopic reading is untrust-| J 





* 8. Bottone, Chemical News, 1873, 27, 215. 


per, it was intended to | Co 





accompanied by hurried theoretical deductions. In the 
near future the author hopes to have a convenient 
opportunity of dealing with some of the theoretical 
problems relating to these facts. 














Taste XXVI. 
Load in Hardness 
Element. Source. Kg. Indent. | Number. 
| 
Sodium ..} Chem. Museum..| 3-20 7-10 0-07 
ium | Met. Lab. «-| 2,000 7-92 38-3 
Aluminium | Dr. Gwyer -+| 1,000 6-70 24-7 
Silicon Chem. Museum. . — Estimated| 240-0 
Phosphorus | Chem. Museum...) 12-5 6-90 0-63 
Sulphur ..| Chem. Lab... — Estimated} 36-0 
Potassium | Chem. Lab... 1-6 7°30 0-037 
Calcium ..| Chem. Lab. ..| 1,000 7-02 22-2 
Chromium | Chem. Museum 500 2-62 91-0 
nese | Chem. Museum — Estimated} 210-0 (?) 
Iron ..| Met. Lab. .-| 3,000 5: 97-0 
Nickel -| Mr. Boeddicker 3,000 4-98 144-0 
balt Chem. Museum..| 1,000 3-85 86-0 
Copper Mr. Alkins .-| 1,000 4-72 53-0 
ne . Lal é 3,000 8-15 45°5 
Arsenic Chem. Lab. . ..| 1,000 2-92 147-0 
Selenium . Museum. —_ Estimated| 75-0 
Rhodium Johnson,Matthey| 3,000 4-80 156-0 
Palladium | Johnson,Matthey| 1,000 4-44 61-0 
Silver Johnson,Matthey| 1,000 5-68 37-0 
Cadmium Met. Lab. 1,000 6-26 29-0 
Indium_..| Chem. Museum 12-5 4-12 1-0 
Tin .-| Met. Lab. 500 6-06 15-6 
Antimony..| Met. Lab. .«| 2,000 6-24 58-0 
Tellurium Chem. Museum. . -- Estimated| 27-0 
Iridium ..| Johnson,Matthey| 3,000 4-10 217-0 
Platinum ..| Johnson,Matthey| 1,500 6-20 44-3 
Gold .| dohnso tthey} 1,000 5-90 33-0 
Thallium ..; Chem. Museum. . 250 6-22 7°3 
Lead ..| Met. Lab. na 500 8-40 6-95 
Bismuth ..| Chem. Museum..| 5,000 7-20 14-0 








The author wishes to express his kee ni reciation to 
Dr. Gwyer, Mr. Boeddicker, and Mr. Fins for the 
samples they have presented, and especially to Messrs. 
Matthey and Co., for their very substantial 


assistance in so readily lending the author large samples 
of such valuable metals as silver, gold, platinum, 
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palladium, rhodium, and iridium, and for the keen interest 
they have taken in the general progress of the work. 

The author gratefully acknowledges the valuable 
assistance given by Mr. F. Buckingham, B.8Sc., of the 
Engineering Department, in making many -of the 
necessary calculations. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scotch Steel Trade.—All things considered, the work 
of steel production in the West of Scotland runs very 
smoothly, the output is maintained at an exceptionally 
high level and little change in the pan emerge 
falls to be noted. An inerease in the available supply of 
scrap steel and pig-iron has helped to relieve the anxiety 
of t oye: cngaged tn Cy aero ares 0 bel 
about a supply more in accordance with the needs 
the consumers whose war-work activities are of vital 
importance to the nation. It has meant also that the 
wants of the Allies can be better met, a fact of no small 
moment viewed from the standpoint of current events on 
the Western front. If ny fey as satisfactorily as 
, = ee age a su _ of fini steel it to result 
shortly, the worst of the pressure havi mn t 
relieved. The Clyde shipbuilders pet a to poem | 
enormous yg of steel, a circumstance which is not 
likely to show any slacking-off for some considerable 
time. 

Malleable Iron Trade.—The malleable iron trade forges 
ahead, makers striving by all means at their command 
to keep the supply level with the demand, not an easy 
matter considering the clamant nature of so many of the 
coma Government _ has done b yer to 
straighten out affairs, and the ing-up out; 
has Toon exceptional. Coal salt mba troubles , 
just as serious as in kindred industries, being at the 
moment the ma! drawback to that —— increased out- 
put soardently longed for. Man vernment contracts 
are on hand, the pressure for delivery is intense, and in 
consequence of the urgent character of this work very 
little of any other description can be accepted meantime. 


Scotch Pig-Iron Trade.—-Pig-iron of every brand is in 
constant request. Work of nationalimportance naturally 
comes first ; and as every ton of hematite produced is 
specially required in this none is available for 
other purposes.. It is much the same with foundry iron, 
and consequently these two brands in particular are 
practically off the market so far as general business 
is concerned. In order to conserve the output for the 
most important of all uses in'the meantime, little or 
nothing is available for export, the scheme of distribution 
taking the claims in priority of urgency. This 
worked well, otherwise it would have been chaos. Prices 
continue firm. 


Inverness Builds a Steel Vessel.—There has just been 
launched from the slipway of the Rose Street Foundry 
and Engineering Company, Thornbush, Inverness, the 


a — vessel built in the nosther, ital. At the 
unching ceremony, which -was pe his wife, 
Mr. T.°B. Morison, K,.0;; M.P., Selinivor Cloaptal for 


Scotland, made interesting reference to thé great possi+ 
— of Inverness ine be with industrial 

evelopment, noting particularly the water power at 
command in and 2 Shar the t 7 as well as in many 
other parts of the sy aveun Board of Trade 
and the Ministry of onstruction, he said, were 
thoroughly aware of the numerous ‘untap sources of 
supply, many of which, no doubt, would be put to good 
use as soon as possible after the termination of the war. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


is going away day by day on contract orders. In the 
household section there is a general outcry for supplies, 
but here again there is nothing for open market. Cokes 
are scarce with prices at the maximum. Quotations :— 
Best branch-handpicked, 27s, to 28%.; Barnsley best 
Silkstone, 27s. to 27s. 6d.; Derbyshire best brights, 
258. to 26s. ; Derbyshire house coal, 22s. 6d. to 238. 6d. ; 
best large nuts, 22s. 6d. to 23s, 6d.; small nuts, 21e. 6d. 
to 22s. 6d.; Yorkshire hards, 22s. 6d. to 238. 6d. ; 
Derbyshire hards, 21s. 9d. to 228. 9d.; best slacks, 
18s. to 198. 6d. ; seconds, 16s. to 188. ; smalls, 138. to L4e. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Interest at present centres 
in anticipated further advance in export quotations of 
Cleveland pig-iron. Though no official announcement 
has yet been made it is believed that the advance will be 
5s., and that it will be retrospective as from July \1. 
Business in Cleveland is izon is fairly active, but an 
obstacle to trade is the short supply of foundry iron, and 
especially. No. 3 quality, for use, due to larger 
shipments to the Allies. This month’s allocations are 
‘somewhat smaller, but sufficient of the iron allotted is 
not obtainable to ena merchants to fulfil their 
obligations. If shipments of iron cannot be made, more 
foundry’ pig-iron will be available for home use before 
the end ot the month. It is gratifying, however, to 


learn that, ‘so far, the shortage cannot Tibed as 
acute: Forge iron is quite plentiful, and is being rather 
emerald = iad both early a orward 

livery, and makers’ stocks of this quality are under- 
stood to. be accumulating. For home mption, 
No. 3 Clevelarid pig-iron, No. 4 foundry No. 4 forge 
are all quoted 95s., and No. 1 is 998. ; and for shipment 


to France and Italy, No. 3 and the 
‘119¢., and No, 1 is 124e. 


‘Hematite Iron.—Demand for East Coast hematite’ 
is as heavy as ever, and producers experience some 
difficult y in with their commitments. Underthe 
careful system of distribution, however, consumers are: 
receiving supplies sufficient for their absolute \@- 
ments, and what iron can be spared for the Allies is! 
despatched as expeditiously as possible. So far as can 
be ascertained the protest of merchants at losing their 
trade with Italy dhoon h the Ministry of Munitions 
having taken charge of Italian needs has been without 
effect. Nos. 1, 2 and 3 are 1228, 6d. for home use, and 
147s. 6d. for export to France and Italy. 


FF Ore.—Fairly satisfactory accounts are given 
of the foreign ore trade. Suppliers are understood to 
be coming forward well, and most consumers are now 
well placed. 


Coke.—The supply of coke is still short, and many 
yo ee are resorted to so as to maintain regular 
deliveries to the blast furnaces. Average furnace 


age | is 33s. at the ovens, and low | ay ag sort 
5s. 6d. at the ovens. From 65s. to . Id. f.0.b. is 
offered for foundry coke for neutrals. 

Manufactured Iron and Steel—Production of manu- 
2 wre _ = — is on an enormous scale, 90 

ithstandi ifficulty experienced in obtaining 
supplies. re is a large home demand for: con- 
structional material, but needs of the shipyards ‘are go 


tely met that pressure for delivery is not heavy. 
Some mbes of shipments of certain descriptions of 


lower qualities are 


oan ae principal market quotations :—Conmon ‘iron 
bars, 14/. 15s.; best bars, 15/. 15s.; double best bars, 
161. 158.; triple best bars, 17/. 15s.; iron ship plates, 
1451. 108. ; iron ship angles, 132. 17s. 6d. ; iron ship tivete, 


Hull Coal Trade.—Compared with the o riding . : 1l. 108.: steel shi 
period of last year, the quantity of coal (282,566 tons)| 111 'a,"6d.; steel boiler platen; il. 10s.; steel stripy 
sent to the port of Hull during the month of August, | 177. 10s. ; steel hoops, 18. ; and heavy sections of steel 
—— —_——t i — Fenced of = ane rails, 107, 178. ‘6d.—all f.0.t, makers’ works. Whilst 
are the res for Dena’ Aiere are no fixed prices tor export ; i- 
tons, against 27,284tonsin 1917.” The aggregate — P or S er ee ee 


tonnage receivc«! at the port since January this year was 
1,800,471 tons, a decrease of 135,911 tons compared 
with the corresponding period of 1917. 

Iron and onde = for certain. classes of 
war material is keeping ‘departments concerned 
exceedingly busy. ; ing, however, little 
that is new characterises the.trade outlook. Crucible 
steel makers are still ly free from pressure, 
and it would take.a big crop of new business calls fully 
to employ the ‘entire resources of the trade. Con- 
ditions just the reverse obtain at the open-hearth steel 
furnaces, where a considerable output is being easily 
disposed of. Even though the general conditions are 
comparatively slack, difficulty . in obtaining 
scale of highly-skilled the or altary vais teving 
scale o y ski youths 


made it a problem in many 
art: 


going. Big calls are being made 
the supply of os g cae tools, saws and : 

the demands for these from the military authorities in 
thenwselves representing a considerable amount 


of t 
In the cutlery industry the principal orders in pedir and fabrice 
ves, razors, $e thawed, and the weaving 


for table. keni scissors and pocket ‘knives. 
An order for 100,000 safety razor blades for the European’ 
Army has just been placed in Sheffield. 2 6 

South Yorkshire Coal Trade.—Supply contitues to be 
unequal to the demand by a commtiaoeias margin. All 
classes of home consumers are pressing for supplies of 
best steams, but orders can only be considered after 
heavy export requirements have been met. There are 
keen requests for cobbles, nuts and slacks, but output 


mately 49s. above home quotations. 





Liorp’s RecisteR aNpD Etectric WELDING oF 
SHrrs.—With regard to the subject of the employment 


of electric welding in connection with ship construction, 
the Committee of Lloyd’s Register, who have already 
one system of electric for the purpose, 


approved bam 

are prepared to consider applications from any electric 
welding companies with a view to their processes being 
by the society, ard to their names being 
inserted in a list of companies whose processes have been 
approved as fulfilling the society's conditions. 


| 





Paper Yarn aNp THE Corp.—Some experiments 
described by M. Lumnierzheim in the Monatechrift fir 
Textil-Industrie, vol. xxxii, page 144, are of interest 


with to the storing and transport of paper yarn 
for| Turing the cold. season. yarn may con up to 


80 per cent. of moisture ; to the cold, such yarn 

strength page ot poe = eo See 
weakens the fibre. ice is seen to have form 

om : “the thaterial should slowly 


wea rooms should ~ be ome 

really Suddenly subjected to frost, the'yarn 

bes be royed. I¢ is, Peccclotel advisable to pack the 
| yarn in 


such a way the heat liberated by incipient | 
Soacing inoutaincl nd the rate of cooling is. moderated.. 
“Hence yarn should be forwarded in closed boxes and 
covered railway wagons rather than in sacks and in 
open cars in which the wares are exposed to the cold and 


finished iron and steel to France and Italy are “ 
Prices, all round,.are very stiff. The f are 


| New York 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—Thero has been no development 
of particular note in the South Wales coal markets 
this week. © improvement noticeable in production 
last week has just been maintained, but there is room 
for atill further improvement, and the feeling prevails, 
rightly or wrongly, that the miners are haraly exerting 
themselves to the extent ry, especially ring in 
mind the urgent appeals made to them. On the other 
hand it is pointed out that a heavy toll has been made 
on the miners for the Army, and that naturally those who 
have joined the Colours were of the best type physically, 
and that in these days, especially in view of the fact 
that the food supplies are not exactly what the men have 
been accuston to, the same results on the average 
cannot be expected from the men who have remained in 
theindustry. At the present moment, however, outputs 
just‘suffice to meet the demand, with the exception of 
the best grades ot large steam coal. Inferior descriptions 
are pene, while there is quite.an accumulation of 
small coals which are diverted to directions where they 
would not otherwise be sent under the Controller’s zone 
system. Some difficulty is being consequently ex- 
perienced in the matter of trains, but so far all the 
collieries are kept going. 


Newport.—The boisterous weather has had a 





re- 


judicial effect on the shipment of Monmouthshire 
collieries, and some collieries are not sufficiently stemmed, 
The inland demand continues strong, and the best classes 


of coals ate in the Eastern and Western Valleys, but 
inferior grades are plentiful. There is a fair supply of 
pitwood, 


South Wales .Coalowners’ Pitwood A —Some 
idea of the splendid work accomplished by the Mon- 
mouthshire and South ‘Wales Coalowners’ Pitwood 
Association, which is the largest of its kind in the King- 
dom, was apes at the first annual meeting which took 

on Monday. The first steps in the direction of the 


inte, 





oO 
ormation of the association were only taken in January, 
1917, but by the present day the area worked by the 
association covers as much as 10,000 sq. miles. ‘There 
have been purchased 210,000 tons of timber, and 143. 
woods of an acreage of 2,813 acres, No fewer than 
57 woods have been cut and cleared, and 75 are still 
being worked. There are 750 workmen employed by 
the association, whose total wages bill amounts to 
2,600. a week, while there are 16 contractors employing 
300 men employed in cutting woods. About 600 railwa 
wagons are dealt with weekly, and the railway tol 
amount .to 72,0001. per annum; while the association 
lorries travel about 4,000 miles weekly. Mr. Finlay A. 
Gibson, the general manager and secretary, who orgenised 
the whole n, felt lied, owing to the inc 

duties now devolving upon him, to tender his resignation, 
and Mr. T. Rowe, the present commercial manager, 
was appointed to suce Mr. Gibson. 








Errictent Use or Motor Trucks In THE UNITED 
Srates.—The amount of merchandise transported in 
motor trucks between cities in the United States is 
nearly double what it was for the same amount of travel 
before the war. This has been made possible by the 
return-loads method. This meens carrying a load of 

rn dise in both directions on the truck. In other 
words, the car goes out with a load and comes home with 
a load. Formerly a motor truck carried a in one 
direction only, it went out loaded and returned empty. 
Here’is how the return-load method of operating motor 
trucks works out: Between two cities, such as New 
York and Boston, a distance of 225 miles, a motor truck 
delivers a load of soldiers’ shoes from Boston to New 
York. Instead of returning to Boston without a load, 
the driver communicates with what is known as a return- 
loads bureau office in New York and asks if there is any 
rchant or manufacturer who has a load of 
goods to~be tra rted to Boston. If so, he calls at 
the warehouse of this merchant, collects his load, delivers 
it to Boston, and charges a recognised tariff for the job. 
By this method, the truck owner not only cuts his own 
cost of delivery, but helps out in the present national 
necessity when the railroads give first care to war material. 
It is in distance motor trucking between such cities 
as New Yoik and Philadelphia, a distance of 90 miles, 
where the return-loacls method produces test results. 
Already, it is estimated that over 900, tons of war 
materials have been moved over this highway by motor 
trucks. Several companies are operat trains of 
motor trucks on schedules similar to those on which 
railroad trains are operated. There are a dozen other 
places in the country where motor trucks are ee 
over long distances for transporting, war materials and 
merchandise and so ease the strain on the railroads. 
To-day many of the 144 concerns manufacturing motor 
trucks are selling large quantities to the farmers, who are 
using the trucks to move the grain from the farms to 
the railroads with greater — whence it is moved 
by railioad to the coast for shipment to Europe. Some 
makers are selling 60 per cent. of their trucks to the 
farmers. The advantage to the farmer of the motor 
truck is evidenced by the following example : One farmer 
with a truck has been able to move 600 bushels per day 
from his farm to the railroad station, a distance of 
21 miles. His neigh , using four horses, and two 
men, has only been able to move 200 bushels per day. 
The truck shows itself to have three times the capacity 
of the horse system, and only requires one-half the 
man-power. n-power is short on the farm to-day, 





draughts. 





and the motor truck is making up for his shortage. 
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PLATE XXI. 

















THE NEW QUEBEC BRIDGE. 
(For Description, see Page 277.) 
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THE NEW QUEBEC BRIDGE. 


(For Description, see Page 277.) 
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Fie. 3. DraGramMatic View OF BRIDGE. 
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THE NEW QUEBEC BRIDGE. 


(For Description, see Page 277.) 
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Fie. 12. Ancuor Bars in Course or Erection. 
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AGENTS FOR “ ENGINEERING.” 


AvusTRaLiA: Gordon and Limited, Melbourne ; H 
Brisbane) Perth. Turner and Henderson, 8 ’ 
N.S.W. T. Willmett and OCo., T N 
Queensland. W.C. Righy. adelaide, South Aus 
tralia. Melville and M Melbourne, Victoria. 

Cawapa, Toronto, Ont.: Wm. Dawson and Sons, Manning 
Chambers. Montreal: Sells, Limited, 302, Shaug- 
nessy Building, McGill-street. 

Eprmrsures: John Menzies and Co., 12, 

: 


Hanover-street. 
Paris ——— Rue de la Banque. 
For aibaninies dames Guaeahelines aki 
: Calcutta lore Spink and Oo. Bombay: Thack 
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PERMANENCE OF STANDARDISATION 
IN MERCHANT SHIPBUILDING. 

In attempting to arrive at some definitive view 
on this subject it is well at the outset to enforce the 
fact that the application of the principle of 
standardisation to the building of merchant ships 
is by no means a novelty to those acquainted with 
the work and methods of our leading builders of 
cargo vessels in pre-war days. To the majority of 
shipbuilders, however, consideration of the possi- 
bilities of the principle in the direction of expediting 
construction and lessening the cost of production 
was limited owing to the fact that orders for a number 
of similar ships were of very rare occurrence, and 
opportunities for the application of the principle did 
not arise. The urgent need for the most rapid 
production of new tonnage to meet the situation 
created by the war furnished the opportunity, and 
the action of the Shipping Controller in ordering 
the building of a number of standard cargo ships 
of various types and sizes has directed attention 
to the practical results of the application of the 
principle upon an extensive scale. Unfortunately 
the practical application of the principle—at least 
in the early stages and for a variety of reasons— 
induced grave doubts in the minds of many as to 
the wisdom of adopting the principle in its entirety. 
It is certain, however, that the difficulties and 
disappointments experienced in the building of the 
earlier standard ships were due to faults in applica- 
tion and not to any defect in the principle itself. 

Under present conditions rapidity of production 
is by far the most important consideration bearing 
upon the shipping position, and any departure from 
established practice in regard to the design and 


Orders | construction of ships for the merchant service is 


justified only in so far as it increases the speed of 
production. There is no doubt, whatever, as to the 
beneficial effect on speed of production and cost of 
the adoption of a well-thought-out and efficiently 
operated scheme of standardisation, and the applica- 
tion of the principle to the shipbuilding programme 
of the present day and the near future needs no 
further justification. 

After the war the main considerations bearing 
upon the merchant shipbuilding ‘industry will un- 
doubtedly be rapidity of construction and low 
building and running costs, the first two of which can 
undoubtedly be attained by standardisation. Low 

ing costs involve the adoption of all improve- 
ments either of hull or machinery, and so are, in some 
degree at least, antagonistic to standardisation. 


94| Before the war a limited system of standardisation 


of hulls and machinery had been adopted by some 


ons shipbuilders and by certain of the shipping com- 


panies, but the number of ships so built was a very 
small proportion of the total. 

From the shipbuilders’ point of view the 
advantages to be gained by an efficient system of 
standardisation are many, of which the following 
are noteworthy : Owing to the handling of the same 


class of material yard plant may be reduced to a| 


minimum amount and may be run at its maximum 


efficiency. Templates for the various parts of the 
ship’s structure may be used indefinitely—sheet-iron 
being substituted for the usual wood of which tem- 
plates are made. Workmen become specialists in 
the class of work undertaken, and should therefore 
produce work quicker and better than when dealing 
with different classes of material. The system lends 
itself well to the working and completion of the 
maximum amount of material on the ground and 
under cover, thus utilising the principle of “ fabrica- 
tion ” and shortening the time of the vessel on the 
building berth. The above items all combine to 
achieve rapidity of output and low building costs, 
both of which are of prime importance. 

The disadvantages from the builders’ point of 
view are serious enough at first sight to condemn 
the project, and they have undoubtedly hindered its 
adoption in the past. The principal of these are : 
Uncertainty of repeat orders for any standard type; 
changes due to evolution of t or to improve- 
ments in hull or machinery. h shipping com- 
pany wants a standard type of its own. ith regard 
to the first of these disadvantages, very few com- 
panies order more than one, or at most two, ships 
at one time, and in the case of those companies 
who make a practice of building new vessels at 
regular intervals it is usually found that each vessel 
is larger than the preceding one or is radically 
altered with regard to arrangements. Under the 
second disadvantage may be classed such structural 
alterations as those involved in the change from the 
ordinary transverse to the longitudinal system of 
framing and the structural changes involved in the 
change from reciprocating steam engines to oil 
engines for motive power. Under the third dis- 
advantage may be grouped some of the disadvantages 
which weigh heavily against standardisation and 
which arise from consideration of the number and 
variety of trades which had been developed by 
shipowners prior to the war. Length of voyage, 
nature of cargo and number of passengers carried, 
depth of water at ports of call, cargo and coaling 
facilities available at ports of call; all these and 
many other considerations determine the dimensions 
and design of merchant vessels of all classes, and 
where more than one company is engaged in the 
same trade there is inevitably competition as to 
which shall own the largest and fastest vessels in the 
service. This competition leads to constant change 
in the designs of vessels built by any one company 
for a particular trade, and tends very directly to 
prevent any one type becoming standardised. 

As regards design of hulls and speed of ships it is 
obvious that under normal competitive conditions 
but little approach to standardisation is possible, 
and if, as seems likely, post-war conditions rapidly 
become of the same competitive character the 
prospects for the general adoption of standardisation 
are poor. Propelling machinery of suitable power 
for each new design of vessel will be required, and 
here, again, the variety of powers required will 
preclude any standards being generally adopted. 
While the prospects of standardisation as applied 
to hulls and propelling machinery are thus very 
doubtful, there is no question that much could be 
done to standardise many of the deck fittings, &c., 
on vessels and much of the auxiliary machinery. 
Little has been done in this direction—particularly 
by shipbuilders—although the advantages are not 
inconsiderable. Bollards and fairleads, cargo 
winches, rail stanchions, cleats, eyeplates, cargo 
blocks and gear, and many other items of equipment 
are designed and made in infinite variety, thus 
involving much useless expenditure of labour and 
money. The preparation and adoption of standard 
designs for these details would be a very simple 
matter and would greatly expedite manufacture. 

Conditions immediately after the war as regards 
the urgent necessity for new tonnage will probably 
be such that owners will be glad to order standard 
ships if these are reasonably near their requirements 
on account of the more rapid delivery of such. vessels 


from firms now engaged upon that class of work. 


The severe internal. competition which will subse- 
quently have to be met by British shipping companies 
would, however, point to the conclusion that the 
only prospect of a real development in standard 





shipbuilding lies in the elimination of the com- 
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petition between shipping companies through the 
formation of combinations controlling within limits 
freights on all the main trade routes. 





THE PRACTICIAN. 

THe assumption is often made that the practical 
man accomplishes by rule of thumb inferior results, 
while the technician is a superior being who arrives 
at superior results by analysis, deduction, logical 
thinking and scientific method. We are invited to 
believe that the day of the practician is over, that 
he is obsolete, while in industrial economics it is 
the technician who is to blaze the way to a better 
land. Scientific method having displaced rule of 
thumb, the despised and supplanted practical man 
should die quietly without any fuss and, like the 
corpse at a pauper’s funeral, none need do him 
reverence. 

One is afraid, however, that the practician will 
continue to elude extinction, and there is more 
than a suspicion that giants of the past, like 
Watt and Whitworth, were more practical than 
technical. Pure science pursues its own aims 
apart altogether from commercial considerations, 
the practician and technician both face the same 
problems, all of which have an economic basis. 

The alleged separation between practice and 
technics and the presumed superiority of the latter 
is by no means so valid as the critics would have 
us suppose. It is upon practice that technics rest, 
and without the pioneer work of former generations 
who were unblessed with modern technical under- 
standing, theory would have no foothold for there 
would have been no industry. 

Two distinct view points are apparent, and both 
envisage the same end ; the practician, if you will, 
looks from beneath and the technician from above, 
they meet in common in the resultant of their 
efforts, and it is by no means sure which has the 
superior claim to achieved success. The divorce 
between technical and practical is to be deplored, it 
has led to past misunderstanding, and on the part 
of the technician to an assumption of unwarranted 
superiority. 

In engineering matters, definite and actual 
practice counts most, neither text-book nor labora- 
tory experiment are a substitute, and real experience 
can only be obtained in close association with actual 
material things. No man is entitled to consider 
himself an engineer who has preserved his hands 
unsoiled throughout his career. 

In too many instances where the technician has 
failed the practician has worried a way through a 
difficult problem to a satisfactory, if not an ideal 
issue. Native wit, experienced judgment, dis- 
belief in precedent, and large doses of common- 
sense, are of greater value when the problem looks 
insoluble, than access to a reference library, formula 
or t The technician is apt to despise detail 
as something fit only for inferior brains, the prac- 
tician lives, moves and has his being in practical 
detail and revels in his field. Detail wrecks more 
schemes than prime misconception, and for this 
reason there is, and will always be a wide field for 
the practician. 

When novel conditions arise there are two courses 
open to determine the issue, by theoretical con- 
siderations awaiting the verdict of practical use ; 
or to envisage the matter in the light of practical 
experience using theory as a check upon the intuitive 
practical belief. Where both sides are present in 
the individual responsible the second is the course 
usually followed. Practical results obtained, a 
theory is constructed in explanation. Theory is 
the explanation of practice more often than its 
basis, it co-ordinates more often than it originates, 
discuss the matter with any inyentor for proof of 
this statement. In all essentials engineering folk 
are practical folk, more inclined to do than philo- 
sophise, commonsense is a wonderful guide to right 
practice based as it is upon proven experience. 
Academic knowledge is valuable, but in engineering 
matters usually has a constant, the result of practice 
to qualify its formulas. 

A physicist recently pointed out that the know- 
ledge of the trained engineer is not determinate 
pss — se ded me me Boh ogy mr not 
pursue its own sake. It must be 
remembered that the life work of an engineer is to 





face and conquer actual practical problems, and | 


his type of mind must be the reverse of the mathe- 
matician who lamented that, his subject hada 
utilitarian end. ‘There is a peculiar pleasure to be 
found in practical things, a practician feels it a 
personal disgrace if unable to overcome trouble met 
in daily work. If his solution be not academic 
it will usually fulfil its purpose in a rational manner. 
Temporary expedient, and unusual means are 
perpetual delights ; they are proof of competence, 
affording as they do an opportunity for the exercise 
of talent on the part of the practician. - 

Most practicians have graduated at the college 
of the midnight lamp, even if they are unknown 
to any recognised academy. There are—to the 
everlasting credit of all ranks in engineering industry 
—few who have not some theoretical attainments. 
Many are the skilled mechanics who are able to 
discuss intelligently engineering problems from 
both the detail and constructional sides, all have 
abiding interest in mechanism, a large number are 
competent critics of design. 

The practician is perhaps less vocal than the 
technician, but he is a vital force in industry, too 
apt to be overlooked in a casual or superficial 
assessment. The numberless unrecorded practical 
men who in a national emergency have performed 
marvels of substitution and expedient that the 
national cause should triumph, who have wrought 
miracles of production in the national interest 
merely serve to emphasise the value of the practician, 
for he is the man who, more than any other, has 
wrought system out of chaos, and reconstructed 
industry. 

There is no real and valid distinction between the 
technician and the practician, they are comple- 
mentary, not opposed ; neither can claim real dis- 
tinction over the other. Pure science is another 
matter entirely, industry must be greatly indebted 
to those who wrest natural law to serve man’s 
need, it is the scientific side divorced from immediate 
utility which most often gives the starting point. 
Pure science is not technics, although its results 
may be so applied in numerous instances. To the 
practicians, therefore—whether technicians are 
covered by the same appellation or no—it is that 
industry and, in turn, commerce, must look, and 
to them, hard-headed and often horny-fisted, belongs 
the industrial future. 





THE IMPORTANCE OF COKE 
HARDNESS. 

Wir reference to a paper under the above title, 
by Mr. G. D. Cochrane, read and discussed at the 
last spring meeting of the Iron and Stee) Institute,* 
it is interesting to note, according to Le Génie Civil, 
that Mr. Charpy and Mr. Godchot are at the present 
time carrying out a series of experiments on a large 
scale on the formation of coke. Following upon 
laboratory tests, they arrived at the conclusion 
that the most favourable conditions for obtaining 
a resistant coke implied different thermal treat- 
ments varying with the quality of the coal. In 
itself the determination of the most advantageous 
thermal treatment rendered it possible to utilise 
for the making of coke an appreciably greater 
number of coal qualities than was otherwise the case. 
Further experiments by the same French. metal- 
lurgists have shown that when mixtures in variable 
proportions of two classes of coal, one too lean 
and the other too rich in volatile matter, are 
submitted to coking in identical conditions, it is 
found that the hardness of the coke obtained varies 
continuously and reaches a maximum for a given 
composition. Thus, mixtures were made using 
Brassac (South of France) coal containing only 
11 per cent. of volatile matter, non-agglomerating 
when treated alone, with a Durham coal contain- 
ing 24 per cent. of volatile matter, which yields 
a honeycombed and very friable coke. After 
treating the mixture at a temperature of 700 deg., 
which was found the most suitable temperature 
following upon preliminary tests, the hardness of 
the coke obtained was appreciable only when the 
proportion of British coal exceeded 20 per cent. ; 
it reached 24 kg. per square centimetre (341 Ib. 
per square inch) when the proportion of British 








* See EnGrvreRtna, vol. ev, pp. 510 and 529. 


coal was 25 per cent.; 45 kg. per square centimetre 
(640 lb. per square inch) when it was 44 per cent. ; 
80 kg. per square centimetre (1,137 Ib. per 

inch) when it ‘was 51 per cent., and féil to 0 for the 
mixture containing 56 per cent. of British coal. 
Maximum hardness corresponds with a percentage 
of volatile matter of 19-60 per cent. In the case 
of a mixture of two British coals, Durham and 
Cardiff, the maximum obtamed was 70 kg. per 
square centimetre (995 Ib. ‘per square inch), the 
percentage of volatile matter being only 16 per 
cent. ; with the same mixture, when the percentage 
of volatile matter was 19, hardness was practically 
nil. Instead of seeking to improve a too lean coal 
by mixture with another coal, volatile matter can 
be added to it directly by using coal tar pitch or tar. 
The above-named 11 per cent. Brassac coal, to 
which coal-tar pitch is added, as soon as the per- 
centage of volatile matter exceeds 14 per cent., gives 
a good coke, the hardness of which increases 
gradually and reaches 130 kg. per square centimetre 
(1,849 Ib. per square inch) for a content of 28-8 per 
cent. of volatile matter, beyond which hardness 
decreases. ‘The results obtained with additions of 
liquid tar are of similar nature ; in some instances, 
however, the action of tar is more marked than that 
of the coal-tar-pitch. Other tests had for their 
object to ascertain whether the coal which, con- 
taining a high proportion of volatile matter. yielding 
a honeycombed and friable coke, could be improved 
by a preliminary distillation at a low temperature ; 
following upon trials, the temperature of 450 deg. 
was arrived at for this preliminary distillation. By 
maintaining the coal for a more or less long time at 
this temperature, its contents in volatile matter are 
gradually reduced. A gas rich in methane and a 
very liquid tar are evolved. Durham coal con- 
taining 28-1 per cent. of volatile matter and not 
suitable for coke-making, yields a coke of normal 
quality when it is made to undergo a preliminary 
distillation at 450 deg., followed by a treatment 
at 700 deg.; the preliminary distillation removes 
about one-third of the volatile matter. 





THE INSTITUTE OF METALS. 

THE opening meeting of the autumn session of 
the Institute of Metals was held on Tuesday evening 
last in the rooms of the Chemical Society, Burlington 
House, the president, Professor H. C. H. Carpenter, 
F.R.S., occupying the chair. The following list of 
members nominated for the new council was read 
by the secretary :—President: Professor H. C. H. 
Carpenter, F.R.S. Vice-presidents: Mr. J. T. 
Milton and Professor T. Turner. .Council: Mr. W. M. 
Morrison, Sir Charles Parsons, Mr. A. E. Seaton, 
Lord Weir and Mr. Arnold Philip. 


Tuer Cotp-WorkrING or CoppPER. 


Mr. W. E. Alkins, B.Sc., next read a paper on 
“The Effect of Progressive Cold Work upon the 
Tensile Properties of Pure Copper.” The paper, 
which we reprint in full in the present issue, de- 
scribed a series of experiments in which a rod of 
copper was in successive passes drawn down from 
#s in. in diameter to No. 19 8.W.G., there being 
25 passes in all. The metal was not annealed 
throughout the whole course of the drawing, and 
its tensile strength was determined after each pass. 
On plotting this tensile strength of the copper as 
ordinate against the sectional area of the wire as 
abscissa, the resulting curve consisted of two straight 
lines connected by a nearly horizontal portion. The 
existence of this point of inflexion was confirmed 
by other experiments. The author expressed the 
view that his results could not be explained on the 
simple amorphous phase theory, and suggested that 
during the first stage the effect of the drawing was 
to give rise to an allotropic change in the metal ; 
whilst the second portion of the curve could be 
explained on the lines of the amorphous phase 
theory. ; 

The discussion was opened by Dr. W. Rosenhain, 
who congratulated the author on having brought 
to light a new fact which constituted a permanc nt 
addition to our knowledge. The author had, 
however, suggested that the amorphous phase 
theory of hardening was supported by qualitative 
evidence only.’ This was an error, as quantitative 














SEPT. 13, 1918.] 


ENGINEERING. 


293 








data had been supplied by many observers as well 
as by those at the National Physical Laboratory. 
The author of the paper had given three reasons 
for selecting copper as the subject of his research, 
Of these the third seemed the most conclusive, viz., 
that the copper could be readily obtained. In 
other respects the choice was open to objection, 
since although the metal used contained only 
0-08 per cent. of oxygen, this oxygen might exist 
as cuprous oxide. The eutectic of this compound 
with copper contained only 3} per cent. of this 
oxide. Hence if all the oxygen in the copper 
existed in this form, the amount of eutectic might 
be 15 per cent. to 20 per cent. of the total. The 
speaker did not suppose the proportion was as great 
as this,. but he would ask the author if he had 
examined his meta] under the microscope, by which 
the presence of the eutectic could generally be 
detected, though it was, he admitted, not easy to 
see. If Cu,O were present the metal experimented 
with could not be considered as typical of a simple 
metallic system, but would be a duplex substance, 
thus allowing of another explanation of the pecu- 
liarities shown by the experiment. The speaker 
would suggest, but merely suggest, that the oxide 
might be soluble in the amorphous phase, and that 
as new developments of the amorphous phase were 
formed by the deformation, this oxide would not be 
equally distributed and the properties at the 
crystal faces change accordingly. He had, how- 
ever, no real objection to the theory advanced in 
the paper, but did think that Cohen had not proved 
the existence of his allotropic phase in copper. The 
author’s suggestion was certainly an interesting one, 
and as allotropic phases were known to occur with 
some metals, the same might also be the case with 
copper, and the matter should receive attention 
accordingly. 

Professor T. Turner, who followed, said that the 
author’s paper was complementary to a previous 
paper by Pye, who had, however, dealt with copper 
from various sources, instead of adopting the more 
scientific procedure followed by the author of sticking 
to a single sample of the metal. The most interest- 
ing point brought out was the discontinuity in the 
curve of tensile strength. As a practical fact this 
had, however, been known for years, and was 
alluded to by Bolton in the discussion on Pye’s 
paper. Practical men knew that there was a stage 
in the drawing of copper during which a considerable 
increase in the drawing down made very little change 
in the strength. It would be important to find out 
whether anything similar occurred with iron and 
nickel, which were known to be capable of allotropy, 
or whether copper formed an isolated case. If this 
were so the observation would not be nearly so 
important as if the peculiarity were general. He 
was interested in noting that the density of the metal 
in the state corresponding to the point of inflexion 
of the author’s curve was 8-889 as compared with 
8-9165 for the annealed bolt. In 1907, the speaker 
had, in conjunction with Dr. Levy, examined the 
volume changes produced by heating copper. They 
used a bar } in. in diameter and about 1 m. long, 
and took autographic records of the volume changes. 
When they experimented on steel in a similar way 
the “‘arret ” points (corresponding to the allotropic 
changes known to occur in this case) were clearly 
marked, but they found nothing of the kind either 
with annealed or hard-drawn copper. Both curves 
were smooth, the only difference being that the 
heating and cooling lines were a little wider apart 
with the hard copper. Since an allotropic change 
involved a rearrangement of atoms or of atomic 
groups, the change should be accompanied either by 
an evolution or an absorption of heat, and as there 
was no evidence of this in his curves he might say 
that the suggested allotropic change did not exist. 
Possibly a more sensitive method of experiment 
might show a result, but so far as they went the 
speaker’s experiments were against the author's 
suggested explanation. Another possible view had 
been put forward by Dr. Rosenhain, and the speaker 
would suggest another. Copper crystallised in the 
cubic system. When deformed by cold working 
slip occurred across certain planes along which the 
metal became hardened. It was then no longer 
easy for further yield to take place here, but it might 





occur along other planes not necessarily parallel to 
the previous ones. 

Professor C. A.. Edwards said that he had a 
difficulty in discussing the paper without divulging 
other data since acquired by the author of which 
he had cognizance.. The point brought out was of 
much practical importance, both to manufacturers 
and users, and might lead to trouble, since a cute 
maker might use the author’s results to meet the 
Tequirements of a specification with a really inferior 
metal. As to the explanation of the anomaly, he 
was inclined to find it along the line suggested by 
Professor Turner, and to conceive that by the 
stretching, the character of the metal was changed, 
although this change was not of the type usually 
reckoned as allotropic, being merely a disturbance 
in the space-lattice of the crystallisation of the 
metal. He would further suggest that the anomaly 
noted might not be independent of the method of 
cold working, and that hammering might not have 
the same effect as cold drawing. Thus, although 
the author had found that cold drawing produced 
a marked change in the density of the metal, the 
speaker had failed to get any such change by com- 
pressing copper, evel in cases in which the deforma- 
tion had been very great. 

Mr. C. H. Wingfield suggested that the anomaly 
discovered by the author might be responsible for 
the bell-hanger’s practice of “killing” the copper 
wire they used. This they did by stretching the 
wire. At first the wire stretched easily and then 
suddenly stiffened. 

Dr. C. H. Desch asked whether in drawing the 
wire any change took place in the character of the 
dies used or in the procedure followed. 

Speaking on the invitation of the president, 
Professor Sakurai, of Japan, said that the supposed 
allotropic alteration of copper from an a to a B 
condition did not occur below the temperature of 
71 deg. C., the a metal being the stable form below 
this limit of temperature. It did not therefore 
seem possible that the a metal could change to 8 
metal in the process of cold drawing. 

Mr. F. Johnson suggested that the experiments 
should be extended to determinations of the yield- 
point, elastic limit, and other physical properties of 
the metal in addition to its tensile strength; and, 
further, that other metals should be examined to see 
if in cold drawing them there -was evidence of the 
same discontinuity as occurred with copper. As to 
the explanation suggested by Dr. Rosenhain, he 
thought that any concentration of oxide of copper 
in the sheath of the eutectic would cease on annealing. 
and that if the wire were annealed at each draw, its 
influence on the strength of the metal would accord- 
ingly disappear. He would suggest that the in- 
vestigation should be repeated with copper rendered 
as free from oxide as possible. Certain de-oxidisers 
would effect this, with the result that the amount 
of deoxidiser left in the copper would be less than 
that of the oxide destroyed. In the discussion on 
Pye’s paper the speaker had opposed the view that 
the hardening was a skin effect. Mr. Bolton took 
the same line and came to the conclusion that if 
anything the interior of the metal was harder than 
the skin. In Bolton’s experiments, however, the 
process of machining must have had some effect 
on the skin, though not perhaps a very great one— 
still, the point required consideration before Bolton’s 
results could be considered conclusive. 

In reply, Mr. W. E. Alkins said that he had 
brought forward the explanation proffered of his 
results merely to round off his paper, and was 
quite prepared to admit that the problem was very 
complex. In fact, additional work done since the 
writing of his paper had convinced him that the 
view he had advanced would not cover the whole 
of the facts. With reference to the presence of 
oxygen he had not been able to use the electrolytic 
method of evaluating it, but would try and do this 
later on. He could say, however, that no eutectic 
was visible under the microscope. The investigation 
had originated in a peculiarity found in the drawing 
of bronze wire. At a certain stage in the drawing 
brittleness gave trouble. The wire was, however, 
not annealed, but the drawing continued, with the 
result that the ductility was recovered. When 
the idea of investigating this peculiarity arose, he 





had thought it best not to start on a duplex system 
like bronze, but with a simple metal. In reply to 
Dr. Desch, he might say that the dies used in the 
drawing were alike save that after a diameter of 
0-072 in. was reached diamond dies were used in 
place of steel ones. With regard to the difficulty 
raised by Professor Sakurai he would say that in 
“cold” drawing, the temperature of the metal was 
raised so much that the workmen heated their food 
on the coil. It was thus much above 70 deg.C. He 
would try to make the additional tests suggested by 
Mr. Johnson, but he might say that the experiments 
on tensile strength had run into thousands. As to 
getting copper free from oxygen, if was fairly easy 
to get a billet oxygen free, but more oxygen was 
picked up during the rolling process, during which 
scale came down in lumps. 

In bringing the discussion to a close, Professor 
H. C. H. Carpenter said that he had examined the 
work on the properties of copper issued by the 
Bureau of Standards, and in this authoritative and 
exhaustive treatise there was no note of the anomaly 
found by the author, which would thus seem to be 
quite a new discovery. As to the divergent views 
of Pye and Bolton, the Bureau had carefully studied 
the point at issue and found that the hardening effect 
was uniform across the whole section of the copper. 


Impact Tests or HARDNESS. 

Professor C. A. Edwards next read in abstract 
a paper on “The Resistence of Metals to Penetration 
under Impact.” This p&per is reproduced on 
page 285 of the present issue. 

The discussion was opened by Professor T. Turner, 
who said that he had long held the view that static 
tests of hardness should be supplemented by 
dynamic tests. Martel’s formula referred to in the 
paper was simple, and he thought was on the whole 
in better agreement with the results than the 
author’s. He suggested that the results of dynamic 
tests would be a function of the speed and not 
merely of the energy of the impact. The anomalies 
found with respect to tin, cadmium and zine, were, 
the speaker considered, important, and showed that 
the research was not a barren one, as it was the 
exceptions to a general law which most required 
study. He suggested that the peculiarity noted 
might have some connection with the value of tin 
as an ingredient of bearing metals. 

Dr. W. H. Hatfield said that the author’s method 
of investigation by experimenting would be of 
special value in high-temperature work. The 
section of the paper which showed that the hardness 
was a periodic function of the atomic weight was, 
he thought, a masterly production, but he would 
like to ask whether the carbon of which the hard- 
ness was plotted was considered to be in the 
diamond or in the graphitic form. 

Mr. Alfred 8. Barnes said that in connection with 
such tests as the author’s and Brinell’s it should be 
remembered that we knew very little of what was 
going on inside the meta] below the indentation, and 
of the resistance of metals to flow. In the case of 
an ordinary test-piece it was easy to show that the 
shear was a maximum at an angle of 45 deg. to the 
axis of the applied stress, but the actual surfaces 
along which sliding occurred made with the axis 
an angle greater than 45 deg. if the test-piece were 
under tension, and less than 45 deg. in the case of 
compressive tests. Again, in a tension test the 
Luder’s lines, which appeared just before the yield- 
point, had an inclination of about 60 deg. to the 
axis of the bar. Moreover, as the test was con- 
tinued and local deformation set in a “ contractile 
cross ” due to the flow could be detected, consisting 
of two grooves making an angle of 65 deg. with 
each other. In the Brinell test the rate of deforma- 
tion was slow, but from Hopkinson’s results the 
duration of the impact in the author’s experiments 
would be about 5.7, second, and during this short 
interval of time all sorts of things took place. To 
get some idea as to what these phenomena were, 
the speaker had experimented on the effect of impact 
applied to brittle materials such as glass, flint and 
pitch. Under the impact of a spherical ball on to 
one face of a glass cube a conical fracture was 
produced below the surface struck. The angle of 


this cone ranged between 90 deg. and 120 deg, 
In other cases the surface of fracture was a rectangu- 
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lar pyramid with an apex angle lying between 
45 deg. and 90 deg. In another series of experiments 
he had built up a number of 3-cm. cubes consisting 
of superimposed layers, in one case of plasticine 
and in the other of indiarubber. Between the layers 
a sheet of tin foil was interposed. On subjecting 
these built-up cubes to impact and examining the 
foil, it appeared that in the case of the uppermost 
sheet the centre was disintegrated, and a hole about 
equal to the diameter of the ball produced. Around 
this was a layer which had undergone compression, 
as proved by the imprint on it, of the rough surface 
of the rubber sheets between which it lay. In the 
case of sheet No. 2 the central hole was about the 
same size as in the case of sheet No. 1, and was 
again surrounded by an area of compression. 
Beyond this was an area in which the foil had been 
buckled into corrugations. These observations 
showed that in such tests as the author’s all sorts 
of things were going on in the metal besides the 
mere making of an indentation. 

Mr. Cosmo Johns said that he considered the 
relationship noted between the hardness and the 
absolute melting temperature as a point of the 
utmost importance. He would ask, however, that 
the authority for the melting-points should be given. 
He would also suggest that the author should 
plot his results not against the atomic weights, 
but against the atomic numbers, which were a more 
fundamental property of the atoms. The position 
of cobalt and nickel would then be reversed and the 
curves made more concordant. Whether the author 
wag really measuring hardness was, however, another 
point. Shore, he observed, considered that the 
sceleroscope measured the elastic limit and the 
Brinell test the tenacity of a metal. The speaker 
himself thought that in all these tests, as in the 
author's, what was measured was not hardness 
but a parallel property. In impact tests Kipp had 
shown that it was important to use the hardest 
possible substance for the striker, and he would 
suggest to the author the possibility of modifying 
his apparatus so as to use a diamond striker. 
Further, he thought that in tests of this kind the 
aim should be to determine not the amount of 
indentation produced, but the energy which would 
just fail to indent the metal. 

Colonel Sir Henry Fowler thought the author's 
method of experimenting might give highly useful 
results if applied to the aluminium alloys used in 
aeroplane work. He would like to ask the author 
if he could say where the displaced metal went to 
in such tests and how he measured the volume of 
the indentation. 

Dr. W. Rosenhain said that the anomalies found 
with tin, zinc and cadmium, constituted a point of 
interest. The author suggested that twinning was 
responsible for this, but did he find similar anomalies 
with copper, silver and gold, which twinned readily ? 
He would suggest that another peculiarity might 
be connected with the anomalous positions of tin, 
zine and cadmium. Tin gave a “cry” when 
deformed, and to a lesser extent so did zinc and 
cadmium, So far as he knew these were the only 
three metals that had a “cry.” In discussing such 
experiments the fact that flow was produced was 
important. Flow required time. Pitch, for ex- 
ample, fractured under « blow but flowed readily 
under a steady pressure. To a certain extent this 
was the case also with glass, both being under- 
cooled liquids. With metals, however, we had to 
deal not with under-cooled liquids but with crystal- 
line aggregates, which, however, could by the action 
of strain be transformed into an under-cooled liquid 
known as the amorphous phase. On the viscosity 
of this amorphous materia’ would depend the 
difference between slow and rapid deformation. 
With large viscosities the deformation would be 
relatively less in impact than in static tests. When 
near the melting point, however, the mobility of 
the amorphous phase became high and the condi- 
tions would then be materially altered. The 
relationship brought out between the absolute 
melting point and the hardness was very im- 
portant, and he might note that the connection 
between the melting point and other physical 
properties of metals had been carefully studied in 
America by Richards. 


+ Dr. Smith said that the author’s table of hardness 
was the first to be published since 1873, and the older 
table was, in his opinion, so “smooth” as to raise 
suspicions as to its reliability. Whatever the pro- 
perty measured by the author might be called, it was 
noteworthy that it was closely connected with the 
melting point, and this fact was additional evidence 
that we were concerned here with a fundamental 
property. The author’s curve seemed to him 
superior to that obtained by Lothar Meyer on 
plotting atomic volumes. He believed that the 
property of hardness was connected with the 
cohesion of a metal as measured by the surface 
tension when molten. 

In reply Professor Edwards said that the possible 

effect of differences of striking velocity to which 
Professor Turner had referred was insignificant in 
the speaker’s case, as the range of velocity was 
small. As to Dr. Hatfield’s question re the con- 
dition of the carbon he had purposely refrained 
from stating it, but he believed the carbon was in 
the diamond form. The melting points he had 
taken as far as possible from the treatise of Burgess 
which gave the most reliable and up-to-date 
figures. He was glad to havegMr. Cosmo John’s 
suggestion to plot his results inst the atomic 
numbers instead of against the atomic weights. 
As to what was meant by hardness, it was true 
that his results did not correspond to those obtained 
in the scratch test, but his own, Brinell’s and the 
sceleroscope figures were all simply related together. 
He might add that he thought that the sceleroscope 
could be modified so as to combine all its own 
advantages with those of the Brinell method, 
and of the method described in his paper. It 
was not easy to answer Sir Henry Fowler’s question 
as to where the displaced metal went. As to 
Dr. Rosenhain’s observations on twinning, he would 
say that tin cadmium and zinc all twinned when 
deformed, and this twinning was responsible for the 
“ery.” The other metals, copper, silver and gold, 
were generally held not to twin merely by deforma- 
tion. If they did, it was a bad look out for the 
slip band hypothesis. 
In adjourning the meeting till the next afternoon, 
the President expressed his pleasure and surprise 
that a practical steel maker like Mr. Cosmo John 
had found time to study such purely scientific 
work as that of Moseley on atomic numbers. It 
was, he thought, a most significant sign of the 
times in which we lived. 


(To be continued.) 





NOTES. 
Tue [Ron aND Sreet Institute. 

Tue autumn meeting of the Iron and Steel 
Institute opened yesterday, and is being continued 
to-day, in the hall of the Institu'ion of Civil 
Engineers, under the chairmanship of Mr. Eugéne 
Schneider, president. The papers on the list num- 
ber seventeen, which is highly creditable to the 
contributors, practical metallurgi-ts, analytical 
chemists and scientists, who are still extreme!y 
busy in supplying the nation’s and Allies’ needs in 
war material of all kinds. The first paper taken 
at yesterday morning’s meeting was the one by 
Mr. G. Charpy, on “Influences of Hot Working 
on the Qualities of Steel.” It was fol’owed by 
contributions from Mr. A. McWilliam, on “ In- 
fluence of Elements on Tenacity of Basic Steel,” 
from Mr. A. J. Shore, “Report on Hardness 
Testing” and from Mr. Cosmo Johns, on “ The 
Standardisation of Tests for Refractory Materials.” 
The usual full report of the proceedings will be 
published in our next issue. 


Tae StanparD Saysort VIscosIMETER. 

Mr. Winslow H. Herschel has continued his work 
on Absolute Determinations of Viscosity, which we 
noticed in an article under that heading on page 655 
of our issue of June 14 last, and in sending us a 
reprint of his further paper—which has meanwhile 
been read before the twenty-first annual meeting of 
the American Society for Testing Materials at 
Atlantic City—he kindly draws attention to a slight 
error which had been overlooked in our account just 
mentioned. A division line had been left out in the 


viscosity ; m v* g had been printed in the place of 
mv/g. We had given Bingham’s modification 
of Couette’s formula, using the symbols adopted 
by Higgins and others in this country. Bing- 
ham himself wrote his formula for the viscosity: 


n A beh 2. As regards the 


yVQ+ A) 8rt+r 

new research, negotiations have taken place between 
Mr. George M. Say bolt and the Bureau of Standards, 
and the dimensions and allowable variations agreed 
upon for the standard Saybolt universal viscosi- 
meters are tabulated by Mr. Herschel as follows; 
the min., norm. and max. mean minimum, normal 
and maximum :— 























Dimensions in Centimetres. Min. Norm. Max. 
Outlet tube, diameter inside d .. 0. 1750 0. 1765 0.1780 
Outlet tube, diameter outside a 

lowerendd, .. es 0.28 0.30 0. 32 
Outlet tube, length? .. .. | 1-215 1.225 1.235 
Height of overflow rim above 

bottom of tube A, ee 12.55 12.60 12-65 
pers ny lnk my a 7.32 7°41 7-61 
Container diameter D .. 2.955 2.975 2-995 
The ave head fh is calculated from h = 


(h, — hz) /log (h,/ hp), where h, and h, are the 
initial and final heads respectively, and the log. are 
natural logarithms; this equation is not accurate 
except for very viscous oils. Since 60 cub. cm. are 
run out during a test, w D® (h, — h,)/4 = Q = 60; 
h is therefore partly determined by the container 
diameter D which has to be specified as an essential 
dimension. The dimensions recently adopted differ 
from those of the instruments Herschel had used in 
his first paper; hence the new research. In this 
Herschel makes use of the following formula for the 
viscosity in poises / density in grams p:r cub. cm. : 
»/y=At—B /t, where ¢ is the time of discharge in 
seconds, A=m gd*h/128 Q (1+), B=Q m/8 w (1+), 
\ the Couette correction for the effective tube length, 
and m the coefficient of kinematic energy. The 
and m are determined to find the A and B. If the 
ratio of viscosity to density were accurately known 
for suitable liquids, A and B could b> deduced with- 
out having recourse to the formule given. We 
commented previously on the difficulty of finding a 
suitable liquid. Herschel adopted solutions of 
ethyl alcohol in water, although they are only avail- 
able over a limited range. The final formula 
deduced for the Saybolt viscosimeter is: p/ y= 
0.00220 t — 1.80/t. This expression holds for the 
normal dimensions stated. In the case of the 
allowable minima, the coefficients change into 
0.00211 and 1.82, for the allowable maxima into 
0.00230 and 1.79. These values replace those 
formerly in use, which were acknowledged to be only 
approximate. The paper also compares the new 
values with the constants of the Engler viscosimeter. 


THe QUENCHED SPARK. 

Text-books on radiotelegraphy deal with the 
phenomena of quenched sparks in a rather super- 
ficial way, and an adequate explanation of the 
phenomena, indeed, does not appear to exist so far. 
Max Wien himself, the discoverer of the quenched 
spark system, and the early investigators of the 
novelty of 1906, were chiefly interested in finding 
the most suitable’ experimental conditions for 
efficient quenching. A noteworthy experimental 
and theoretial contribution to the study of quenched 
8 is made by Dr. V. Pieck, of Goettingen, in 
the “ Annalen der Physik,” of February 22, 1918, 
pages 197 to 244. Pieck describes the method of 
quenching as follows: Two electric circuits of 
equal frequency are loosely coupled so as to form 
one system capable of oscillating at two main 
periods, the one of higher, the other of lower, 
frequency, than the original. One of the circuits 
comprises a spark gap ; when this circuit is charged 
until the spark passes, the two oscillations are 
excited, beats arise, and the energy oscillates between 
the two circuits. With a very small spark gap the 
8 current may be interrupted momentarily, 
when the energy has completely passed over to the 
second circuit; the energy cannot return to the 
first circuit, therefore, and will continue to oscillate 
in the second circuit at the latter’s period, as if the 
first circuit were not in existence. Pieck goes back 
to Roschansky, who, in his reseerches of 1912, 








formula, originally due to Couette, for the kinematic 


regarded the phenomena as those of a high-frequency 
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alternating arc, whose tension is of the nature of a 
counter electro-motive force ¢. Immediately after 
the current reversal, and when the current intensity 
is still about zero, this ¢, climbs up to, say, 400 volts, 
to fall off abruptly at the next moment to a few 
tenths of a volt ; thus, the curve of ¢, forms a sharp, 
high-ignition peak. The ¢, then keeps fairly steady, 
while the current ¢ rises and diminishes again, until 
the next reversal takes place, when a new electro- 
motive force e is applied ; if this e be strong enough 
to overcome ¢,, the discharge will continue ; but if 
€ = € + = 0, and also di/dt equal or smaller than 
zero, the spark will be extinguished. Pieck 
accepts this view on the whole, but he points 
out that Roschansky, when dealing with the 
frequency and phase difference, which depend upon 
the degree of coupling, treated the phenomena as 
practically static, whilst they are dynamic. Pieck 
studied the influences of many factors largely 
with the aid of oscillograph curves. He worked 
with electrodes of magnesium or silver, two cy- 
lindrical rods, up to 1-5 cm. in diameter, two plane 
discs or a disc and a rod, in air, nitrogen, carbon 
dioxide, hydrogen, at pressures ranging from about 
100 mm. up to 750 mm. of mercury, and he varied 
the frequency in the ratio of 1:15, experimenting 
with waves of lengths from 120 metres up to 2,140 m. 
He found that the quenching effect was, approxi- 
mately, the same with magnesium electrodes in air, 
nitrogen and carbon dioxide, but decidedly better in 
hydrogen. Silver gave much better results than mag- 
nesium, especially at low gas pressures and with small 
spark gaps, in nitrogen ; in a hydrogen atmosphere, 
however, the observations were rather discordant. 
At high gas pressures low or high frequency made 
little difference ; at low gas pressures (nitrogen or 
hydrogen) short waves proved more effective for 
quenching than long waves. Having discussed the 
theory at some length, considering also the influence 
of the ionisation of the gas and of the recombination 
of the ions, Pieck points out that at low gas pres- 
sures the discharge potentials do not any longer 
increase with increasing spark length, but tend to 
decrease. Many not yet mentioned factors have to 
be considered, and he sums up that the chief 
requisite for efficient quenching, a high peak in the 
electromotive force, is, in general, obtained by 
small current amplitude and low frequency and by 
high thermal conductivity, large cross-section, and 
a large product of density and specific heat of the 
electrodes. The electrodes should not become incan- 
descent ; the ionisation potential of the metal, the 
mobility of the ions and their recombination-co- 
efficient should also be high; the gas pressure 
should be low although, within certain limits, high 
gas pressure and long sparks offer advantages. 
These conditions are, to a certain extent, incom- 
patible with one another. The research was con- 
ducted under Professor T. Simon. 





IypustRigs In JaPan.—A great industrial develop- 
ment has taken place in Japan since the outbreak of the 
war. Eighty firms are engaged in ths manufacture of 
artificial dyes; they are mostly sulphur colours, but 
aniline and miscellaneous colours are also manufactured 
in considerable quantities. Ultramarine used to be 
imported from Germany ; the United States then stepped 
in, and a home industry is growing upin that branch as 
well. With the general development and the war 
requirements the demand for asbestos has increased 
enormously. Japan now manufactures asbestos ware, 
and the imports of the raw material from Canada by the 
11 companies were ten times as large in 1916 as in 1914, 
in spite of an import duty. The domestic asbestos 
manufacture is also important. 





Iron In Potaste WatER.—Our soldiers at the front 
have had reason to complain about the water of Flanders. 
From a paper by O. Beek, in the Zeitschriftfiir Angewandte 
Chemie, 1918, pages 115 to 116, we see that similar 
troubles have been experienced in Antwerp. The deep- 
well water there is good, but much of the supply is 
moorland water which contains iron in the forms of 
bicarbonate and ferrous sulphate. To remove the iron, 
the water was first treated on Schiiffer’s system with 
blood charcoal containing 16-6 per cent. of aluminium 
sulphate and then sent through Dunbar filters; the 
aluminium gave the water an unpleasant taste after 
standing, however, and the filters became clogged. 
The method which Beck recommends is not simple, and 
frequent renewal or disinfection of the filters is stil! 
advisable. The treatment consists in mixing the water 
with hydrogen peroxide, which is in 
quantities, agitating the mixture, adding finely- 
powdered soda, and filtering off the precipitate which 
settles in about half an hour. 
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Handbook of Ship Calculations, Construction and Opera- 
tion. By Cuantes H. Hucues, Naval Architect and 
Engineer. London: The Lib Press, Limited, 

26, Portugal-street, W.C. [Price 6d. net.) 

To the small but exceedingly useful number of 

pocket books dealing with the theory and practice 

of shipbuilding, of which Macrow’s and Simpson’s 


are outstanding examples, there now falls to be 





‘added the “‘ Handbook of Ship Calculations, Con- 


struction and Operation,” by Mr. Charles H. 
Hughes, a volume which gathers within its 740 pages 
an immense amount of practical information of 
great value to all those interested in the design, 
construction and maintenance of ships and their 
machinery and fittings. The primary function of 
all such pocket books is to provide the busy man 
with such information as he may require in a form 
which bears directly upon the problem in hand and 
which, in its application, does not require the 
knowledge and use of advanced mathematics. This 
important consideration has been adequately 
realised by the author throughout, and as a result 
the range of usefulness of the volume is extended 
to include the very numerous class whose interest 
in shipbuilding and engineering is purely on the 
practical side. The scope of the work is such that 
it embraces practically all important branches of 
the shipbuilding and engineering industries as well 
as problems connected with the maintenance and 
operation of ships in service, chartering, marine 
insurance, &c. 

The section dealing with ship calculations contains 
a mass of useful information in convenient form 
and covers not only the usual calculations of dis- 

lacement, centres of buoyancy, trim and stability, 

t also the determination of freeboard for various 
types of vessel, launching calculations and data, 
and determination of horse-power. The tables of 
hull and machinery weights might with advantage 
have been included in this section, as also might 
the chapter on Structural Strength, as these belong 
properly to the design office. 

Hull construction is treated in a more com- 
prehensive manner than is usual in this class of 
book—both war and merchant vessels being dealt 
with. Transverse and longitudinal systems of 
framing are described and illustrated, and details 
of all the more important items of structure given. 
Such varying types of merchant vessels as oil 
tankers, trawlers, bucket and suction dredgers, 
are dealt with, while the characteristics of each 
class of war vessel are concisely and clearly stated. 
In his general description of torpedo boats the 
author states that the longitudinals are intercostal, 
but in view of the fact that the main longitudinals 
(those forming engine and boiler girders and which 
extend over fully 50 per cent. of the length of the 
vessel) are continuous—the statement is misleading. 
In speaking of armour the author states that the 
side armour has a cement backing. As this is one 
of the most recent developments it would have been 
of value if the author had given details of thickness, 
composition, weight, &., of this backing in com- 
parison with the teak backing which has been 
universal hitherto. The paragraph on Battle 
Cruisers gives the secondary armament of H.M.8, 
Tiger as sixteen 4-in. guns and three torpedo tubes, 
while the breadth of the ship is stated to be 87 ft. 
The corresponding figures given by Mr. E. L. 
Attwood in his “ Warships” are: Twelve 6-in. 
guns and four torpedo tubes, and breadth 90 ft. 
6 in. It is noted that no sketch of the spade type 
of rudder for warships is given, though this is now 
much more common than the ordi balanced 
type illustrated, and that the figures for ratio of 
rudder area to lateral plane are on the whole rather 
in excess of British practice where the highest ratio 
—in torpedo-boat destroyers—is about 2-2 per cent. 
for balanced rudders. 

Details of a omneivetion wood vasoey Sev ne 

iven. An interesting ta prices we 
sold during May, 1915, and May, 1916, is given 
the section with prices, costs and estimates, 


while figures for the building and operating costs 
for a 225-ft. motor schooner are given in detail. 
From the list of sales given we take the following 
figures as showing the appreciation of merchant 


tonnage as a result of the war. During May, 1915, 
the sale of 11 vessels over 5,000 tons deadweight 
and totalling 71,750 tons, realised 542,0001., an 
average of, roughly, 7-561. per ton deadweight. 

ing May, 1916, the sale of 14 vessels over 5,000 
tons deadweight, and totalling 90,545 tons, realised 
1,863,0002., an average of about 20-251. per ton 
deadweight. The cost of building a 225-ft. motor 
schooner of 1,125 tons net, fitted with two oil 
motors, each of 160 i-h.p. and capable of a speed of 
7 knots loaded, vessel built during 1916 on the 
Pacific coast, is given at 128,100 dols. The operating 
cost per day for ship and engines is given at 110-95 
dols. and for engines alone 14-26 dols. 

An important section of the book deals with 
boilers and propelling machinery, also the auxiliary 
machinery of the engine and boiler rooms, and here 
again there is much information of t practical 
value. of boilers are described and illus- 
trated, details of systems of oil-fuel burners 
are given. Details of boiler fittings, air supply to 
furnaces and much other information of a useful 
nature are given, together with practical notes on 
boiler management. Propelling machinery described 
includes reciprocating engines, turbines (including 
geared turbines), paddle engines, the turbo-electric 
system, and internal combustion engines, and these, 
together with their auxiliaries, are dealt with in 
detail. In discussing types of propelling machinery 
the author gives comparative figures of cost of 

ing freight per ton in the case of vessels with 
(a) reciprocating engine, (b) geared turbine, and 
(c) oil engine. The ship in each case is 400 ft. 
between perpendiculars by 52 ft. by 29 ft. 9 in, 
and has draught of 26 ft. 1 in., the deadweight 
carrying capacity in tons, with the different types 
of machinery, being respectively (a) 7,880, (b) 7,910, 
and (c) 8,530. At a speed of 10} knots, radius of 
action is 3,500 miles ; fuel consumption in case of 
(a) 1-6 lb. per indicated horse-power hour, 
(6) 1+2 Ib. per indicated horse-power per hour, and 
(c) 0-61 lb. per indicated horse-power per hour ; 
while the carrying costs work out at 1-33 dols., 1-30 
dols., and 1-25 dols. per ton respectively. The 
author’s general conclusion is that at the present 
state of development, Diesel engines are not suitable 
for high-powered vessels from engineering rather 
than economic reasons, and with this conclusion we 
are in agreement. The comparative data given 
in the case of vessels driven by turbo-electric 
machinery and similar vessels driven by turbines 
and reciprocating engines is not sufficiently detailed 
to enable comparative efficiencies to be estimated 
and the author wisely limits his comments to a 
statement of the claims made for the former 
system. 

The section dealing with electricity contains 
details of systems of electric wiring adopted on 
United States battleships, &c.; construction and 
fittings of switchboards ; lay-out of electric installa- 
tions in accordance with American practice ; details 
of motors installed in United States warships for 
various duties and other information of a general 
character. 

Sections dealing in detail with Heating; Venti- 
lating; Refrigeration; Drainage; Plumbing 
and Fire Extinguishing ; also Ship Equipment and 
Ship Operating, are included in the volume, and 
out contains information of a highly practical and 
useful character. 

The notes on loading and stowages of various 
cargoes with a view to ensuring stability should 
be of especial interest to ship’s officers and are of 
such a nature as to make them easily understood 


by all. 
Mr. Hughes has undou produced a book 
which should appeal i ly to the very large 


class who desire data derived from and therefore 
directly applicable to practical problems connected 
with ell the phases of shipbuilding, ineeri 

ship maintenance and operation, and to all such the 
produced and printed, 
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INDUSTRIAL NOTES. 

Sreakine at Bromley (Kent) last Monday, with 
reference to demobilisation, Mr. Roberts, Minister of 
Labour, said he intended to make it quite clear that 
he would not have any dealings with a haphazard 
solution of the problems. He would retain the splendid 
fellows in the Army much longer than they might 
appear to think necessary rather than release them 
in a haphazard manner to swell the numbers of un- 
employed. The men would be released only when a 
reasonable assurance was forthcoming that industry 
was capable of absorbing them and that they could be 
permanently settled in civil life. The first to be 
demobilised would be the men whose employers had 
promised to reinstate them ; he favoured modifications 
for married men against single, and for volunteers 
against conscripts. 

The Gas Committee’s report for Walsall for the 
past year shows the gross profits to have amounted to 
15,7651., against 16,816/. in 1917 and 19,694/. in 1916. 
The increase in the cost of coal was 464 per cent., and 
the increase in wages 57} per cent. The committee’s 
chief source of anxiety now was with regard to the coal 
supply for the ensuing winter, and they had very grave 
doubts as to whether the supply of gas would be 
maintained over a most mare period of the year 
if existing conditions did not improve. Twelve 
months ago they had 9,000 tons of coal in stock at the 
gas works; to-day they had only 300 tons, or about 
a three weeks’ supply. Last year they had about 
400 tons of coke in hand ; to-day their stocks had run 
out. 

The Electric Supply Committee’s accounts showed 
that the undertaking had made a gross profit of 
13,9491.; payments for interest and sinking fund 
not only wi out this amount but left a deficit of 
3,998/., which, with a deficit of 8,988/. brought forward 
from last year, made a total loss of 12,986I., towards 
which 4,000/. had so far been paid out of the rates. 
With regard to the balance of 8,986/. a claim was to be 
made against the Ministry of Munitions. In view 
of the increase in the cost of coal it had been decided 
to increase the price of electricity by 10 per cent. The 
Gas Committee also contemplated increasing the selling 
price of gas. 


A letter from a legal correspondent, on ‘ The 
Education Act and Industry,” in The Times Educa- 
tional Supplement, contains a number of figures which 
are interesting. The census of 1911, the letter says, 
showed that of the 2,812,433 children between the ages 
of 10 and 14 years, 146,417, or 5 per cent., were 
occupied. The boys numbered 97,141, or 6-9 per cent. 
of the total of boys, and the girls 49,276, or 3-5 per 
cent, of the total of girls. Of the boys, 24,870 were 
messengers, and 23,399 were employed in textile 
manufactures. Eight thousand boys were engaged 
in coal mines, and 7,800 were agricultural labourers. 
Out of 3,880 boys occupied under 12 years, 1,756 were 
newsboys and 1,660 messengers. These two occupa- 
tions together with the textile industry found employ- 
ment for most of the boys who were occupied between 
12 and 13 yeays. More than half of the total number 
of occupied girls under 14 were employed in textile 
manufactures. Full-time school attendance up to 
14 years will deprive the textile industries of services 
which they had hitherto received from more than 
48,000 boys and girls. 

By far thé largest number of young persons begin 
work at present between the — of 14 and 15 years. 
Thus, in 1911, at 14, more than 147,000 boys and 
130,000 girls entered upon occupations. The figures 
at 15 years were, boys 55,000 and girls 193,000. At 16, 
the figures were, boys 25,000 and girls 225,000. Above 
this age, the number of persons who enter occupations 
diminishes rapidly. 

The figures of occupied young 
of 18 years suggest an extremely 
the new Act of the energy which 
diverted into a number of industries. 

The Act, the correspondent states, aims at the 
production of an industrial population which will be 
superior to that with which employers have hitherto 
had to deal. The problems which it creates are 
manifold and at present insoluble. The cost will be 
great to the industries of the United Kingdom, but 
it should be in the nature of a national investment. 
The statute, however, is an adaptable one in many 
respects; unless it were, it would fail in its objects. 


poem up to the age 
reduction under 
hitherto been 





The same journal contains another communication 
oa the results of the Cambridge University 
Local Examinations held in July. The candidates are 
boys and girls under 18 from secondary schools all 
over the land. The correspondent, who has watched 
these lists for years past, finds as an invariable rule 
that the honours lie with the boys. Of 8,172 candidates 


on the last July list, 4,095 were boys and 4,077 were 
girls. The junior boys (2,226) outnumbered the junior 
girls (1,305); the senior girls (2,772) outnumbered 
the senior boys (1,869). The age-advantage, therefore, 
lay decidedly with the girls. Now for the results : 
919 boys (224 per cent.) and 475 girls (11 per cent.) 
obtained honours; 256 boys (6} per cent. of the total 
entry) obtained first-class honours, whilst 39 girls 
(less. than 1 per cent. of the total entry) attained that 
standard. 





MERCHANT SHIPBUILDING SITUATION. 


Lorp Prrrie, Controller General of Merchant Ship- 
building, has made a statement regarding merchant 
shipbuilding progress from which we make the following 
extracts: Considerable progress has been made with 
the construction of new private yards and extensions, 
as well as the installation of the necessary plant and 
labour-saving devices. New shipbuilding berths are being 
brought into use, on which keels are being laid, but of 
course another six or eight months must necessarjl 
elapse before the completed vessels can be delivered. 
It is a matter of satisfaction to me to note the manner 
in which we are receiving the co-operation of not only 
organised but individual labour in connection with the 
use of labour-saving devices and other contributory 
causes of improved output. In several of the yards men 
who two or three months ago were opposed to pneumatic 
riveting are now actually applying for the pneumatic 
tools, and these are being supplied to them as quickly 
as possible. 

lant has been diverted from the National Shipyards 
in order to supply the immediate needs of the private 
shipbuilders. I have distributed amongst the private 
yards 45 pneumatic riveting hammers which were 
intended for Chepstow ; a number of air compressors 
which were just ready for delivery to Chepstow have 
been diverted ; and I have also supplied the private 
yards with a number of heavy shipyard machines, such as 
late-bending machines, which were ready for the 
ational Yards. This will not delay the work in the 
National Yards as y might assume, because as pre- 
viously announced I have arranged for the transfer to 
private yards of the units constructed by the bridge- 
building firms for the first 11 of the fabricated ships, 
which were to have been laid down in the National 
Yards. Inthe meantime the constructional) work at the 
National Yards is proceeding rapidly. 

Forty-nine yards are now solely engaged on cargo 
shipbuilding, and every month the number is increasing. 
During the last six months the tonnage of vessels “in 
the water’’—-that is, the vessels launched and fitting-out 
—has been brought down from 415,000 gross tons to 
224,000 gross tons. 

The principal reasons for the adoption of a programme 
of concrete ship construction towards the end of last 
year was the rhe shortage of steel and the lack of 
skilled men. Iam still of opinion that the action of my 
predecessor in not overlooking this method of increasing 
the tonnage output was perfectly sound, but the question 
of further concrete construction will require very serious 
consideration now that it is found a larger proportion of 
skilled labour is required than was originally considered 
necessary. 

There has been a very large increase in recent months 
in the volume of ship repairs, and as these always take 
precedence, and consequently draw men away from new 
construction, this factor should be borne in mind when 
considering the output of new ships alone. In fact it is 
only possible to obtain a correct view of the situation by 
taking—as I do—the total number of ships (new or 
repaired) put into service, but for obvious reasons it is 
not advisable to publish the figures for repairs. The 
real state of affairs in the my see | industry is revealed 
by the figures issued by my friend, Sir Joseph Maclay, 
the Shipping Controller, of the tonnage of steamships 
of 500 tons and over entering and clearing United 
Kingdom ports from and to ports overseas. His latest 
figures show that there has been an increase in the 
months’ tonnage between January and July this year 
of 1,382,235 tons, or 22 per cent. 

These figures quite confirm my view, and should satisfy 
the public that all the departments concerned are fully 
alive to the necessities of the situation—that is to say, 
the combined results of new merchant construction, 
merchant ship repairs, and the efficient operation of 
shipping by the Controller. This increase of 22 per cent. 
has m achieved notwithstanding a deficit of 594,143 
gross tons during the seven months to July 31, as between 
the tonnage of British merchant ships produced and 
British merchant losses. 

I have had several conferences recently with the First 
Lord on the question of the division of the shipbuilding 
effort as between naval and merchant construction. As 

ou know, the necessity for anti-submarine craft has 
hitherto made such demands upon the ype 
resources of the country as seriously to restrict the output 
of merchant ships. As a result of my representations, 
the First Lord—who has given me every consideration 
and assistance—has now agreed to transfer a large 
number of men from naval to merchant construction, 
which will give a great impetus to merchant shipbuilding. 
I must, however, warn you that here again we cannot 
give immediate results, and it will be some little time 
ore the effect of this additional labour will be reflected 

on the actual deliveries of merchant or. . 

The question has been asked ““whether the policy of 
organised labour is not still dela measures of dilution 
in many forms which if ad exploited with good 


endeavour to answer it. If the output of merchant ships 
for the six months, September 1, 1917, to February 28, 
1918 (641,377 tons), is compared with the output for 
the six mont March 1, 1918, to August 31, 1918 
(871,263 gross tons), it will be seen that we have produced 
36 per cent. more tonnage during the second period. 
I have carefully exemined the figuéed as-to labour 
engaged during the same two periods, and I find that 
the increase is only 8 per cent. I think this increase of 
36 per cent. in output with only 8 per cent. more labour 
over the last two six-monthly periods should convince 
the public that employers and men are now working 
much more satisfactorily and pleasantly t her, and 
this also confirms the impressions I gained from the 
employers and men I came personally into contact with 
during my recent visits. 





Fue. Savine In THE UniTeD States.—The engineers 
of the United States Fuel Administration are discussing 
a plan of organisation in connection with conservation of 
fuel in power plants throughout the United States. The 
programme contemplated will extend into all States 
east of the Mississippi, and include Louisiana, Missouri 
and Minnesota. An administrative engineer will be 
appointed for each of the States in the area mentioned. 
This plan is the result of conferences with the Federal 
administrators and their committee for the group of 
States which together consume about 70 per cent. of all 
coal used in the United States, exclusive of railroads. 
The plan has received the endorsement of all of these 
States, as well as the approval by the United States 
Bureau of Mines and the committee of consulting 
engineers on conservation and publicity, which represents 
the engineering council of the four national engineering 
societies. It is believed that from 10 per cent. to 20 per 
cent., that is from 25,000,000 tons to 50,000,000 tons of 
coal per year, can be saved by better operation of steam 

wer plants, using their present equipment, and without 
installation of new apparatus. 





New Qvartz-Mercury Lamp.—As the ordinary 
quartz-mercury lamp, with its nearly horizontal tube, is 
not suitable for spectroscopic work, because the light 
intensity is not high, unless the lamp is used end on, 
M. Wolfke, of Ziirich, has constructed a lamp the tube 
of which is bent to a ring or to a horseshoe, the limbs 
being in a vertical plane. He also crosses the ends of 
the limbs and fuses them into one another, so that they 
can both together be surrounded by a cooling vessel 
through which water is circulating. In experiments he 
found that the cooled lamp, especially when wholly 
immersed in water, could be run at 25 volts instead of 
150 volts or 250 volts; but the construction of the tube, 
about which he gave no particulars when describing 
the lamp before the Deutsche Physikalische Gesellschaft 
last October, must be a difficult operation. At 220 volts 
and 2-7 amperes he obtained a light intensity of 3,000 
Hefner candles, which is at the rate of 0-2 watts per 
candle ; the resistance in series to the lamp was 13 ohms. 
ont nas tage intensity he realised was 5,000 Hefner 
candles. 


Nirric Acip FROM AMMONIA ; ACETYLENE POISONING. 
—In the ammonia oxidation process, which is now so 
largely used over here as well as elsewhere, a current 
of ammonia and air is passed through one layer, or 


mostly two layers, of fine platinum gauze which are 
heated to 500 deg. or 600 deg. C., and the N is thus 
oxidised to NO. t certain impurities act as poison 


in such catalytic processes is well known, and it is not 
surprising to hear that acetylene is a poison for the 
ammonia oxidation. The chemist understands very 
well that a sooty flame will ruin his platinum crucible 
and wire, because the platinum and the deposited carbon 
form a carbide which is decom again. Then the 
platinum turns blackish and brittle, and when the gauze 
is not heated occasionally, as in the laboratory, but 
continuously for weeks, as in nitric acid manufacture, 
the effect may be serious. The practice is, we bélieve, 
to clean the platinum gauze with nitric acid, when in 
the course of weeks the yield of NO ins to drop, and 
to put in a new sheet of gauze when the trouble repeats ; 
the old platinum is then returned to the supplier. Con- 
tamination of ammonia with acetylene is not rare. 
Calcium cyanamide is an important source of ammonium, 
and as this body always still contains some calcium 
carbide (from which it was prepared), acetylene naturally 
any into the ammonia. According to experiments made 

y Guy B. Taylor and Julian H. Capps, of the United 
States Bureau of Mines, acetylene has a very deleterious 
effect upon the NO yield in the ammonia combustion. 
They prepared pure ammonia and added to it small 

reentages of acetylene. Their platinum gauze had 
Bo wires of 0-003 in. diameter to the inch.. Gauzes, they 
noticed, are not at once fully active; they become more 
and more active in the course of a few days, after which 
with pure ammonia an NO yield of about 95 per cent. 
is generally reached. The addition of 0-02 per cent. 
of acetylene sufficed to lower that yield to 89 per cent. ; 
with 0-1 per cent. of acetylene the yield dropped to 
65 per cent., but recovered in the course of a few hours 
when the acetylene feed was cut off. With higher per- 
centages of acetylene the smal) black spots on the 
platinum, siotiosd with small contamination, spread 
over the hot metal, which then looks dull red instead 
of bright red, and the oxidation fails altogether. 
Fortunately, Taylor and Capps found an easy method 
of -purifying the ammonia. Both the ammonia and 
acetylene gas dissolve in water; the ammonia is driven 
out again by passing air through the solution, but the 








will would have a marked effect in inc output.”’ 
The point raised is such a fair one that I t T should 





émall percentages of acetylene and other impurities in 
the ammonia remajn in the water. -- es 
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“TESTING AIR COMPRESSORS.” 
To tHE Eprror oF ENGINEERING. 

Srr,—I have been interested to read the recent corre- 
spondence which has taken place in your paper on the 
testing of air compressors. I am, however, rather 
surprised to note the apparent ignorance which exists 
as to modern methods of measuring air. For the past 
ten years I have been interested in the general problem 
of fluid measurement and should advise any one who 
has to carry out tests which involve the measurement of 
a fluid to read a paper entitled ‘“'The Commercial 
Measurement of Air, Gas and Steam,” published in the 
Proceedings of the Institution of Civil Engineers, 
vol. cciv, Session 1916-17, and read by John Lawrence 
Hodgson, with whom I have been associated. The paper 
embodies the results of many experiments and gives the 
theory of coefficients of several simple measuring devices 
arid also illustrates and describes recorders and indicators 
which have such devices as their basis. 

The chief difficulty standing in the way of obtaining 
accurate measurement of the — of a reciprocating 
compressor is the nature of the flow of air leaving the 
high-pressure cylinder, the pressure and discharge 
varying greatly during each revolution. Unless these 
variations can be damped out by a receiver or the air 
measured at a considerable distance along a pipe line 
great accuracy cannot be obtained. If the wave form 
of the pulsation can be determined corrections can be 
applied to meters designed for steady flows which render 
their readings within, say, + 5 percent. In the case of 
turbo blowers and centrifugal compressors the accuracy 
with which the discharge can be measured is equal to the 
accuracy with which electrical measurementscan be made. 

Referring to a paper by G. M. Clark, entitled ‘* The 
Test of the Largest Air Compressor Constructed,” 
published in the Journal of the South African Institution 
of Engineers, November, 1914, in which the test on a 
centrifugal compressor of rated Re mo 7,000 kw. and 
running at 3,000 r.p.m. is described. 

The compressor was direct coupled to a steam turbine. 

The author said: “In carrying out the tests the two 
principal quantities are the weight of water condensed 
and the weight of air compressed. Each of these 
quantities was measured by means of orifices and each 
measured twice over. The agreed method of measuring 
the air was by means of an orifice on the.intake side 
of the compressor, and this was checked by measurements 
taken on a Venturi tube on the discharge side of the 
compressor. The agreement between the two was 
within 2 per cent., the air taken in being the greater. 
This is a satisfactory agreement, as there is always a 
certain amount of leakage from the machine at the 
labyrinths glands, this is especially the case as there 
were no readings in common to the two sets of observa- 
tions, except the barometer which entered differently 
into each set of calculations.” 

I was for some time under Mr. Clark in Johannesburg 
and in the same station as the compressor above- 
mentioned we had five others, each of which was fitted 
on its discharge with a plate orifice connected to a simple 
manometer. 

The readings of the manometer, together with the 
pressure gauge and thermometer readings figured every 
half-hour on the machine log sheet, and the quantity ot 
air discharged from the compressor was read off from a 
simple chart. 

Simultaneously the reading of the air pump discharge 
was read on another orifice and the comparison of the 
amount of air per pound of steam was thus obtained 
continuously. This formed a check on the blading of 
both the turbine and compressor runners and on several 
occasions faults were noticed and the machine stopped 
before considerable damage was done. 

In the case of reciprocating compressors, the readings 
will not be so accurate, but for checking purposes the 
results after periods of running will bs comparable. One 
case in which I have seen meters used satisfactorily was 
in Modderfontein, 8.A., where four Bellis and Morcom 
compressors, of 1,000 h.p., compressing about 5,000 
cub. ft. of free air per minute at a pressure of 120 Ib. 
per inch? and discharging through a receiver on each 
machine into a common pipe line 16 in. diameter. A 
16-in. Kent Hodgson gate meter was installed in a special 
building nearly 100 yards from the station, and was 
used to measure the output of the compressors, and state 
it in such units that the result was the cost of the 
electrical energy required to compress the air, assuming 
the air to be compressed by compressors pap Sn 
agreed efficiency, the meter might equally well have 
read in weight of air. 

Generally the measurement of air is carried on to a 
much greater extent out of England than it isin England, 
but during recent years it has been taken up in several 
cases where large quantities of air are used and when the 
simple methods that can be adopted for testing are more 
generally known great economies should result by their 
being used to check the working efficiencies of plants 


in use all over the country. 
Yours truly 
N. H. How. 


19, Mornington-crescent, N.W. 1, 
September 9, 1918. 





To tHe Eprror or ENGINEERING. 

Sir,—Your correspondent who signs himself ‘“In- 
terested,” makes four assumptions, viz. :— 

1. That the clearance volume air e 8 On @ curve 
midway between the isothermal and adiabatic. 

2. A clearance of 15 per cent. 

3. The final air pressure in the savers: air cylinder. 

4. That no air surging was present at the intake. 

en these assumptions, he arrives at the 
conclusion, that the output was only 3,800 cub. ft., or 
7} per cent. less than was recorded on the test. 





When he assumes that the expansion curve for the air 
in the clearance spaces lies between the isothermal 
and adiabatic, he is obviously confusing the ex i 


on the fuel returns should have first consideration for 
whatever fuel is going, and those who make a bad record 
hould no fuel at all till they alter'their methods. If 





curve with the compression curve. It is true that the 
compression curve in most compressors does as @ ru 
lie between the isothermal and the adiabatic, but the 
expansion curve, which is the one that enters into the 
calculation of the volumetric efficiency, is usually 
steeper than the adiabatic, since heat is still being 
extracted from the air by the water jackets during most 
of the expansion portion of the stroke. ‘ 
The value of n in the index to the compression curve 
is commonly assumed to be 1.25, but for the expansion 
curve n may be as high as 1 .6, depending on the efficiency 
of the jackets. Assuming this figure, and that the 
clearance space was 12 per cent., which I have reason 
to believe more nearly approximates the correct figure 
than 15 per cent., the calculated volumetric efficiency is 
88.6 per cent., which corresponds to an output of 
4,300 cub. ft. per minute. It is easy to get any result 
one fancies by making suitable assumptions. more 
accurate results can be obtained by making simple 
calculations based on assumptions, why..make tests 

at all ? ours truly, ; 

Joun M. WALSHE. 
38, Constance-road, Edgbaston, Birmingham 

September 10, 1918. 





“COAL SAVING BY SCIENTIFIC CONTROL 
OF STEAM BOILER PLANTS.” 


To THE Epriror or ENGINEERING. 

Sir,—I note with interest your correspondence on 
fuel economy and the various suggestions made by your 
correspondents. As a boiler inspector I have as good 
an opportunity as anyone of seeing the real state of 
affairs. I can assure you, Sir, it is a tale 6f appalling 
waste. I see little hope of improvement until there is a 
general educating-up from the top to the bottom as to 
the importance of this question. We hear a lot about 
the ignorance in the firehole (but can you expect much 
different when the opinion is held in ‘the office that 
any one can be a fireman), but what about the apathy 
and indifference at the head? The firehole is usually 
regarded as a necessary evil, to be kept away from as 
much as possible. No expense is spared in the works 
to arrive at the cost of any article, most can tell to the 
fraction of a penny what it costs, but when it comes to 
the heart of the real business, how many can say the 

ounds of water being evaporated per pound of coal ? 
F’don’t know one! As to what instruments should be 
fitted depends on the size of the plant. But every steam 
user should be able to say the quantity of fuel used, 
the quantity of water evaporated as measu 
meter-pounds of water evaporated per pound of fuel, and 
temperature of feed. The quantity of ashes should also 
be kept account of. From tests made in America it has 
been found, for every 1 per cent. of dirt in the fuel it 
decreases the fuel efficiency 2 per cent. From some 
further tests in America it is stated that no part of the 
boiler should be less than 42 in. from the fire bed. Of 
course, that distance is not possible in Lancashire or 
Cornish boilers, but great benefit could be found, if 
instead of the grate level being at the centre of the flue, 
it could be lowered 2 in. or 3 in. with a fall from front to 
back of fire grate of another 3in. or so. I know, in one 
battery of boilers, that have their fire grate set lower 
than the others, the engineer tells mé they are much the 
best steamers. Amongst the many defects which I come 
across in practice, which all make for fuel loss and which 
I never see mentioned, are | of air round boiler 
fronts and blow-off recess brickwork. I find this in nine 
out of ten boilers. Incidentally I consider the present 
method of fireclay and brickwork round boiler fronts 
could ay be improved ; I know of one or two firms 
that have done so, with satisfactory results. Bridges are 
too high, fluestoo small, fire gratetoolarge. No aitem 
is e to late draught by damper; it is left wide 
open whether it is needed or not. Flue gases are short- 
circuited at back end into side flues ; I often find spaces 
here of from lin. to 5in. Flues are not cleaned frequently 
enough ; I find some actually run twelve months between 
each cleaning, and from four to six months is the rule. 
As soot is about the best non-conductor of heat you can 
find, you don’t require a big thickness to produce a large 
loss. I saw it stated the other day that soot , in. thick 
gave a loss of conductivity of aD ad cent. up to 69 per 
cent. for a thickness of J, in. en I tell you I often 
tind a layer of jin. to lin. thick, you may form some 
idea of the loss going on. As a suggested remedy for 
this state of affairs, I would suggest the following : 

In each town or district a fuel inspector with sound 
practical sense, together with the necessary staff be 
appointed. Each steam user in this district should 
furnish once a week, or month, a brief record as to how 
he is using the coal, viz. : The quantity of coal used per 
week or month; name of colliery supplying; quantity 
of water actually metered ; pounds of water evaporated 
per pound of coal; temperature of feed ; ntity of 
ashes. Of course, many more questions could be asked, 
but I doubt, if you ask too aa § the thing will defeat its 
own end. All that is requi is an approximate idea 
as to how the fuel is being used. This inspector or his 
staff should make a personal visit to each steam user in 
his district, should see for himself the correctness of these 
reports furnished, and make such suggestions as he 
may consider necessary. He might arrange classes for 
the firemen in the evening, and show by simple language 
or by testing some bojler the best methods to promote 
fuel economy. Those who show they have grasped what 
ig required thould be granted a certificate which would 
carry with it am extra 2s. 6d. or 5s. for the owner, on 
standard rates. Those firms who make the best showing 





50,000, tons are wasted each year, as it has been 


le | stated, and this can be saved by correct methods, putting 


the value of each ton at li., the cost of running such a 
staff as I have outlined would not cost one-fiftieth of the 
total saved. In conclusion, although there is usuall 
a large loss in the firehole, there are many engines whic! 
are in such bad order that they are gluttons for fuel, but 
that is another side of the question. 
Yours usar ue. 
A. BENNETT. 


19, Monument Park, Wigan. 





To rue Eprror or ENGINEERING. 

Srz,—In following up Mr. Brownlie’s articles regarding 
the above, and also Mr. Casmey’s no less valuable letters, 
which in my opinion go to the root of the enormous 
waste which has been going on for such a long time, 
there is one point, viz., the area of the opening at the 
bridge, on which I would very much like to have their 
views, and also to know if they had come to their decision 
through having had the bri built at different heights 
and in different ways, viz., solid brick bridge, brick bridge 
with hot air and steel bridge with hot air. I have 

leasure in thanking both Mr. Brownlie and Mr. Casmey 
or their valuable contributions, 
Yours mineey. 
W. Linpsay. 


1, Newton-place, Glasgow, September 4, 1918, 





Fepreration or British Inpusreies.—H.E. Mr. 
Michalocopoulos, Greek Minister of Agriculture, accom- 
panied by eight Greek Commercial Delegates, will arrive 
in London on Sunday next, and will make a tour to 
several of our principal industrial establishments through- 
out the provinces. Attached to the Greek delegates 
are Mr, A. T. Waugh, H.B.M., Commercial Attaché at 
Athens; Mr. Guy Locock, C.M.G.; and Mr. E, C. D. 
Rawlins (lately H.M. Consul for Crete), both in the 
Department of Overseas Trade; and Lieutenant 
Lambros, R.N.V.R., attached to the same department. 
Officials of the Federation of British Industries attached 
to the tour are Vice-Admiral Sir Charles Dundas, 
K.C.M.G.; Mr. Edmund L. Hill, M.I.M.E., M.1.E.E. ; 
and Mr. H. W. Babington-Browne. 





TURPENTINE AND TURPENTINE SusstituTe ConTRoL 
OxpeEr, 1918.—The attention of the Minister of Munitions 
has been drawn to sales and purchases without licence 
of heavy distillates and various other products of 
petroleum capable of being used as a substitute for 
wi of turpentine. All traders, manufacturers and 

istillers are reminded that the purchase, sale or use of 
such products without licence is illegal, and is subject 
to the penalties scheduled under the Defence of the 
Realm Acts and Orders thereunder. It is essential that 
all consumers or distributors of quantities exceeding 
5 gallons per month of turpentine, white spirit, or 
turpentine substitute, or other products of petroleum 
as enumerated above, should obtain a licence to purchase 
under the’said order from the Controller, Mineral Oil 
Production Department, St. James’ Park, 8.W. 1. 





Tue Sourm Arrican Ratiways.—Ever since the 
first railway was built in South Africa enormous orders 
have been ed in Great, Britain for locomotives and 
rolling-stock, says The British and South African Export 
Gazette. Since the Union, many of the purchases made 
by the South African Railways and Harbours Adminis- 
tration have ane out complete; others in a form 
which lent itself to easy erection in the railway sheds at 
Pretoria, Salt River or Uitenhage. The Administration 
would have been a customer on a much wider scale than 
at any previous period but for the war, for expansion 
in the production of foodstuffs, and the development of 
the coal industry has been so great that enormous 
additions to the rolling-stock became imperative, the 
orders for most of which would undoubtedly have been 
placed in this country had manufacture and onpent been 
possible. The following new engines and rolling-stock 
were still on order or authori on October 31 last : 
Engines, 143; engine tenders, 24; coaching stock, 238 ; 
wagon stock, 2,471. These orders sufficiently show 
that the Administration was fully alive to the extent 
of the demands likely to be upon the railways, 
and did its utmost to provide against them; but 
unforiunately deliveries have been on a disappointing 
and altogether inadequate scale. Valuable rs were 
placed in England in the early days of the war, and 
many of them, probably the oalesio, still remain 
unexecuted. Almost in despair, the De: ment placed 
orders for 38 new locomotives in the United States of 
America, and hoped for delivery by the end of June. 
Our contemporary is not aware that any of these have 
yet pone, Santee > South — and —_ America’s 

wing demands for transport for purely war ial, 
fis extremely im robable that many of the locomotives, 
if indeed any, will be in service this year. That the 
Administration will make every effort to meet traffic 
ra yen goes without sa: » but it is likely to 

itself in a very awkward position with y 
increased quantities ot coal, foodstuffs, wool and 
to handle. British locomotive and rolling-stock builders 
have the satisfaction of knowing that the requirements 
of the South African Railways will remain after 
the war has finished, for peace will bring an unexampled 
demand by the whole world for those necessities of life 
and raw materials which South Africa can turnish. 
These, and the extensions contemplated, will all require 
railway transport on a vast scale, and it is safe to say 


t 
that the lines will be working to their fullest capacity for 
many years to come. . 





o> 





298 


ENGINEERING. 


[Serr. 13, 1978. 











THE 300-H.P. MAYBACH AERO-ENGINE. 
(Concluded from Page 257.) 

Petrol” Pump.—The design of the compound petrol 
pump is shown in the’ sectional drawing, Fig. 40, and 
also in the sectional perspective sketch, Fig. 41. The 
pump {consists of two opposed cylinders, in which a 
reciprocating plunger works, the ends of which operate 
as single acting pum The pump plunger carries a 
yoke fitted with a sliding bush, which forms the crank- 
pin bearing of the small pump crankshaft, driven, as 
already described, off the rear end of the oil pump 
spindle at half engine speed. The bore of the petrol 

ump plunger is 15 mm. and the stroke is 17 mm. 

he outer ends of the pump barrels are as shown, and 
are fitted with screwed plugs, which form compression 
chambers. 

The small non-return suction valves are situated 
directly above and helow the two compression chambers, 
and the two petrol delivery valves are fitted above the 
compression chambers. The valves communicate with 
the compression chambers through small ports drilled 
in the pump barrel. Both the suction and delivery 
valves are of the poppet type, and each delivery valve 
is spring loaded by means of a small brass wire coil 

ring. ‘The valves are supported in guides drilled in 
the unions which form the valve boxes, and to which 
the petrol delivery pipes from the petrol tanks and to 
the carburettors are connected. The internal diameter 
of both these pipes is 10 mm. It will be noticed that 
both the suction valves are fed by the same petrol supply 
pipe as shown in the sketch. 

he centre portion of the petrol pump body, which is 
a gun-metal casting, forms a small circular crank chamber 
for the pump plunger, and is fitted at the bottom with a 
detachable cover plate, which is secured by six set 
screws. The whole of the pose crank chamber is 
filled with oil under preegure from the main lubrication 
stein, as an oi! pipe connected to the centre of 
the pump casting, and leading from the rear end 
of the detachable main oil lead pipe on the engine. By 
this means the efficient lubrication of the yoke and 
sliding bush and also of the seating of the pump plunger 
is assured. 

R.A.B. Tests of Petrol Pump.—Flow tests at three 
speeds with varying heads were taken; in order to 
represent working conditions in the engine, flow tests 
were also taken through jets similar to those employed 
on the engine. 

Delivery Tests.—The petrol er was run at three 
speeds, viz.: 550, 800, and 1,275 r.p.m., and the outlet 
pipe was connected to the pump against a variable head 
from zero to 6 Ibs. per square inch. The maximum and 
minimum petrol delivery at these speeds and heads are 
given in the following table :— 


Maximum flow. 
Revs. per min. Zero head. 
550 300 pints per hour 
800 422 pints per hour 264 pints per hour 

1,275 630 pints per hour 498 pints per hour 

Fig. 42 shows the graphs of these tests with varying 
heads plotted against delivery at constant specds. 
These curves are quite normal, and it is evident from 
them that the valves are acting well, and that the drop 
in delivery with increasing head resistance is due to 
cavitation. The pressure of the oil in the pump case 
during these tests varied between 15 and 20 Ibs. per 
square inch, and the leakage of oil and petrol past the 
end bearing of the pump spindle during one hour’s run 
was approximately one pint. 

Tests through Engine Delivery Jets.—In the engine the 
petrol is delivered through restricting jets (Fig. 34, pa 
256 ante) into the constant-levol tanks, which feed the 
jet chambers below, and are provided with overflows 
tothe main petrol tank. In the tests both outlets of the 
pump were connected by a Y piece with one delivery 
pipe, the end of which was closed by a plate 4 in. in 
thickness, having two 0.07 in. diameter jet holes drilled 
through. The petrol pump was run at the three speeds 
ag in the former tests, and the following results recorded 
of delivery and head resistance :— 


Minimum flow. 
6 lbs. head, 
167 pints per hour 


Head 
R.P.M. resistance. Pints per hour. 
iy)’ Kasten 4.5 lbs. 160 pints 
As (x.seneee 9 Ibs. 218 pints 
| PSR teh 25. Iba. 360 pints 


Starting Gear.—The principle of the Maybach starting 
gear is now so well known that only a brief description 
of the mechanism and a tew details of the construction 
will be necessary. In the semi-diagrammatic cross-sec- 
tional drawing of the engine, Fig. 42, the working prin- 
ciples of this simple and distinctive starting mechani 
are clearly shown. By the depression of the hand lever 
A on the induction side of the engine, all the ta 8 
are lifted off their cams through the action of pth we 
formed on the tep of the tappets, which fit into slots cut 
in the tubular lay shafte BB. All the valves, both inlet 
and exhaust, are thus opened in the cylinder heads ; 
and at the same time the hand lever A closes the shutter 
C in the exhaust manifold by the connection of levers 
shown in the drawing. The valves and exhaust shutter 
are then locked in this position by a peg, which is inserted 
in two holes D, which now coincide in the hand lever A. 
By the action of a large hand suction pump E in the 
pilot’s seat, gas is then drawn into the combustion 
chambers through the inlet valves and induction pipe 
from the carburettors as indicated in the diagram. 
When the cylinders are charged the valves are returned 
to their normal positions by the withdrawal of the locking 
pin in — lever A, and sadeontty the free 
passage exhaust manifold is again opened by the 
shutter ©. Ignition is then effected by, means Mot a 


Bosch hand-starter magneto in the pilot’s seat. It 
will be noticed that the exhaust shutter lever is provided 
with @ spring-loaded tie rod to ensure a true seating for 
the shutter. In order to prevent the engine from bei 
started until the hand lever has been released to its 
position, the locking hole in the lever which takes the 
in is made in such a way that only a special form of 
ocking pin can be used. For this purpose the handle 
of the starting magneto is made easily detachable, and 
is used for the purpose of Jocking the Fron lever A. It 
is thus practically impossible to cause ignition with the 
valves open and the exhaust | arvay closed, which, of 
course, would cause firing back into the carburettors, and 
probably also result in destroying the hand pump. 


Enotine Test Report at R.A.E. 5.4.18. 


Calibration and Endurance Tests.—The Maybach 
engine (No. 1261), after several slight repairs had been 
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Fie. 40. SrorionaL ARRANGEMENT OF 
Petrot Pump. 




















Fie. 41. Sscrionat Sxeton or Perrot Pump. 


carried out to the cylinders and propeller hub flange and 
coupling, was erected on a test bed, coupled to a Heenan 
and Froude dynamometer, and submitted to the follow- 
ing power and consuinption tests, including a one hour’s 
duration test at normal The results of the 





Average B.H.P. ae -- 290. 

Petrol consumption ... 20 gallons = .55 pints 
per B.H.P. hour. 

1l pints = .038 pints 

r B.H.P. hour. 

Oil pressure ... ove --- §&Tbs,/aq. in. 

Oil temperature pes ten °C. 

Water temperature (inlet) ... 57°C. 

Water temperature (outlet)... 68°C. 

Valve Timing during Tests. 


Oil consumption 


Inlet. Exhaust. 

0. S°E. O. 33°E. 

C. 35°L. Cc. TL. 
Magneto advance 38°E. 


ing was steady at all speeds between 900 ani! 
1,400 r.p.m., but owing to the fact that the pomee 
hub flange on the crankshaft was d d, and was 
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Fie. 42. DraGrammMatic SecTION oF ENGINE 
SHOWING Functions oF STARTING MECHANISM. 


BHP. 


oor 


AY POBIALIN) AIT OHO 
Pi akat § 


t 





' 
Petrol Cons.in Pts. per BLP. Hit. 


Brake MEP. 


Fie. 43. Carrpration Curves; R.A.E. Txsts. 


running slightly out of truth, the vibration became 
excessive above 1,400 r.p.m. . Considerable trouble was 

rienced with the water connection between the 
peylinders on the exhaust side. The running became 


jJunsteady below 900 r.p.m. 
Distribution._-Owing to the exhaust manifold being 


fitted: as part of the engine starting gear, it was not 
possible te form an idea of the distribution. A diagram 
of the inlet and exhaust valve life is shown graphically 
in Fig. 20, page 253 ante. 

F. G. C. Ap.D..(L.). 


May, 1915. 
J. G. Wer, 
Lieut.-Colonel, Controller, 
Technical Department. 
Generar DATA. 
Make of engine and rated H.P. — 300 h.p. 


aes - oa a > 
Number and arrangement of Six vertical. 





calibration tests are as follows :— cylinders 
Bore _ wt a .. 166-0 mm. = 6-50 in. 
3s ie --- 31,300 1,300 1,400 1,500 —- saan wa os ee A _ = 7-09 in. 
oc ls - ae 279 294.5 304.5 Stroke/Bore ra -- ee 10021 
Brake, M.E.P. ... 120.5 120.3 118 113.9 | Buse oh one. Maton - 213-6250q, om. 83 200. tn. 
Petrol consump- piston area of engine 1282-958q.cm. = sq 
tion in pints Sucnt volume td one cylinder p= Be ne is — 
of -l o&©; cm. = . 
/B.H.P.hour 53 .52 526 54S mea beste br a eu. in. 
The of th a ph Clearance volume of one 778-9 cu, om. = 47-64 o2. in. 
: results of these tests are shown graphically on the |._ cylinder. . 
One pls ret —as the conclusion of the above tests | Norms! B.H-P. and s ed : 204-0 ba. ¢ Le Aa 
@ run of one hour’s duration at normal revolutions | pean FI - wes : + Ne Lb wh ko oat 
(1,400 r.p’m.) was carried out with the following results :— y 1,400 r.pm. © 








Sept. 13, 1918.] 


ENGINEERING. 


299 








METALLURGICAL ANALYSIS OF PRINCIPAL PaRTs. 

























































































Fee tempat han of inks 8-5 mm. = 0-13 in. 








* : on reget oe of cylinder over water 185-0 mm. = 7-28 in. 
Valve centres (between inlet and 63-0 mm, — 2-48 in. 
Com- 
Graphite! Man- Chro- exhaust. 
“ont Carbon. | Carbon. | garnet, | Sle. | ganese. | S“PBUT phorus. | Nokel. | mium. | Thickness of flange at base of 12-0 mm, = 0.47. 
Carbon cylinders 
Per cent.| Per cent.) Per cent.|Per cent.|Per cent.|Per cent.|Per cent.| Per cent.) Per cent. ro athe doen eet Fou. 
Cotter barrel a) et es ee? Tar tae | ee = _| Diameter of holding-down studs 19-0 mm. = 0.74 in. 
inder water jacket 0-25 | =e | ores | 2:25 | 2:88 | 9:08 | 9-097] — | = |iMeanthickness ‘of combustion 8-0 mm. = 0:81 in. 
*f prs: R ‘ ‘ . J ae pai lee 
Gudgeon pin floating bush ee -_- 2-39 0-65 1-43 0-76 0-146 0-47 _ _ Mean thickness of cylinder barrel 3-0 mm. — 0+11 in. 
} — | 0-18 | — | = | o-ss | O-s1 | o-os7 | Soro | asaz | ovap | Temlle stress ++ 0040 Ibs, 99. in, (approx) (As- 
Inlet valve .. 0-53 | — — | 0-30 | 0-48 | 0-032 | 0-044 | 4-01 | 0-51 wieen) — 
Grankshaft 0-31 | — | = | o-a2 | 0-08 | 0-090 | ovis | Scot | aces Piston assy 
Cranksha . om —_ . . . . O01 . ‘tetun, 
Camshaft 0-40 _ — 0-25 0-23 | 0-022 0-040 | 3-46 0-68 of piston Cast-iron (flat crown 
Camoore 0-17 -_ -- 0-23 0-75 0-036 0-014 0-47 _ ameter at top .. 164-25 mm. = 6- + 
— Diameter at bottom .. 164°76 mm. = 6-486 in. 
82 ee ee -. 611-00 mm. — 5-044 In. 
a . Piston length/oylinder -914 : 1. 
Lead | Tron. | Tin | Copper Zinc. Anti b | | . re 
= ee. | ee Number of rings per piston Three pe Tings, one 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Percent. |Per cent.) Per cent. Scraper 
Big-end bearing metal 8-51 ae 80-05 6-34 a 9-90 — pony a oy ge of rings . All above as 
Maia journal bearing 0-92 — 77-65 10-00 — 11-18 _ mm Width —— ° 6-656 mm. = 0- 
Orankease .. “> -- ~- 0-87 12-01 Abemiaten 0-56 Trace. Gap of = in cylinder 1-39 mm, = 0.088 4 
As # ff) Connecting Rod. 
4S Tp ae jane tetpen n centres oe a = 12°206 in. 
_. Connecting rod /crank 8-44: 
Merosanicat TEsrs, 
Mechanical tests were made on the crankcase and crankshaft, the results of which are given below Howtos Lap rei inatde 8-0 mma. = 1408 in 
rankeas oa! bush, diameter, mm, = iD. 
QO _ Floating bush, effective Yongth 93-0 mm. = 8-661 in. 
Mark. Diameter. Maximum Stress. Elongation, per Cent. inside. 
: } ry oo 1 Floating bush, ae A area of 35-35s8q.om. = 5.48 8q. in. 
1.28 1 bearing on 
Ratio.  Pis rojected 6-06 : 1. 
Crankshaft. area of little end sre Dr 
+ ig > ae Bets An Big end bearing. aye .. Bronzeshelllined white metal 
Yield Maximum | Per cent. Fee cnt peariny, Leonth (acteai) 70-66 mat. = 8.000 ta. 
Position. Mark. Diameter. Stress. Stress. ry Ta R. of A. Impact. Big end bearing. ee ° Ky #4. om. = 6-700 sq. in. 
. Ratio. 8 area 06: 1. 
area of big end bea 
mea 1 | o-pea | TsO '™) Tomapa im | eg | Peat | Betts. | wamberof Bigend bolts —.. Four. 
Journal a | 9-8 ~ se — — —,_ | Diamoter st bottom of threads’ 12-0 mm. = 0-472 In 
A " a " ‘ . ameter @ 0! -O mm, = 0- in, 
AS ; — ne yong 16-1 54-6 | 16-121 | Total cross sectional area, bot- 4-520 eq. om. = 0-70 sq. in 
Orankpin, long 5 0-254 63-6 67-1 15-1 55-7 213 |e nies 
25: "* “ = = Totationd on volteat 1 400 r.p.m. 5,824 Ibs. 
Web, trans. 7 0-254 61-4 65-3 7 2 10-5 5-5 Totalload on bolts at 1, 600 r.p.m. 7,602 Ibs. 
— a Sores ____. | Stress per sq. in. at 1,400 r.p.m. 8,320 Ibs. sq. in. 
Stress ee 8q.inat1 ,600 r.p.m. 10,860 Ibs. sq. in. 
Maximum B.M.E.P. - pe. Ibs. ye ey in. at Exhaust Valves (Two per Cylinder), Crankshaft. 
Piston speed 1084, 2 La per min, at | Dutelde diameter (in ‘ylindar heady yD bi fe oa Number and type of main bear- Seven bronze shell lined white 
Mechanical efficiency (caloulated) 86-0 per o cent. . ps ne , 36 mm. = 0.187 in. osneter eee when, @ 9-0Rte. 
te ieted) mean pressure (oal- 187-0 a jus under valve head 9-0 mm. = 0-854 in Crank-pins. 2-608 
BH 7 t = 0-473 Ibs Lift of valve ; 9-34 mm. = 0-368 Outside diameter 66-0 mm. = 2. 
eh consumption per B.H.P. 0-526 pint = 0 5 Diameter of stem 11-0 mm. = 0.488 Inside diamete r 38. 0 mm. on 1: 48 in. 
mm, = n. 
Brake - efficiency 28-9 per cent. Length of valve de 80-0 mm. = 8-149 in. 4 e on 
Indicated thermal oficlency oS pee com. Number of springs pe valve | hy a ye seoutalde diameter os 66-0 mm. = 2,598 in. 
Relative emiieney * 4 per = Free length of spring 52-5 mm. = 2-06 in. Inside diameter ; 3-oae. = Pee 
Cu, in. of swept volume per 4-80 cu.in. Length of spring = » position (no 89-5 mm. = 1-55 in. ne me gre er end ; 67.0 —— = 2-638 ~ 
as Se centre 67-0 mm. = 2-638 in. 
Sa. in of piston area per B.H.P. 0-678 aq. in. eee tah ..  . Bean attee Length, intermediate 67-0 mm, = 2-688 
oe Se So eee ae Ratio. Length of spring/lift of Crank Webs. 
H.P. persq. ft. of -., 212-4 b valve 4-21:1 ee 95-0 mm, = 3-740 in. 
Direction of rotat pact cranabals ‘Anti-clookwise (facing pro- Weight of’ valve’ complete math ° Thickness me Se .. 28-0 mm. — 0.906 in. 
pelle 0-881 Ib Radius at ends of journalsand 4-6 mm. = 0-171 in. 
Direction of rotation of propeller = es (facing pro-| elgnts stemtaghens <° |. Gadi in erenk-vins i 
Type of valve gear. Overhead valve rockers and —- valve opens, deg. on 35° early Weight of complete = sts 5 
posh sods, Exhaust valve closes, “deg. on . Working epege ts 
alr pone Ll 3 oS aes eo" TP late. Piston clearance, top (total) 75 mm. = 0-029 in 
Bore of main jets Variable from 0-0 to 2-5 mm. Period ¢ of exhaust +. 220° Piston, clearance, bottom (total) 0-25 mm, = 0-009 in. 
Bore of pilot jets y Variable f 0-0 to 1-1 mm. | Bxhaust tappet clearance -. O-4mm, : clearance of somnecting rod 11-8 mm. = 0-464 in. 
Fuel consumption per hour Se Inertia Forces, Bearing Loade, Btc. side ‘clearance of ‘big ‘ond on -44 mm, = -O178 in. 
Valve Areas and Gas Velocities. Weis af pe, ee with crank-pin ) 
Diameters— ‘i335 Ibs. End clearance of crankshaft in 3-0 mm. = 0-118 in. 
portion pipe 62-0 mm. = 2-44 in. it per sq. in. of piston area Ibs. main ngs 
In! — -** yo tee pn ho = Weight of connecting rod com- 6-00 te ee of valve stem in guide 0-12 mm. = -00472 In. 
x67 mm.=1-77 x 2-64 in. : le 
Exhaust ae pipes 66-0 mm. =2-60in. (approx.). weight reciprocating ‘part of Clearance of valve stem in guide 0-15 mm. = -0059 in. 
Toss Sectional Areas. connecting rod 8-305 Ibe. (exhaust) og : 
Tet ean pipe.. bw 4 on = pe A » Total reciprocating weight per “9-006 we Lubrication oe 
o . ° = . . “* S . 
Inlet valve (w dh.) -. 4°416 aq. In. (total). Ww ht pets. in. piston area -~ 0.588 Ib. ee... mae 
Exhaust valve (x dh.) | 4-908 29. ta. (Sotai). omy we Oil consumption per B.H.P.hour 0-08 pints, 
Exhaust 80-15 sq. om. = 4-67 >> res 310-0 mm, = 12-20 in. ou temperature r 7 
aust Brana ‘Pipes 34-11 sq. om. = 5-31 89. in. Ratio. nnecting rod /orank sain a6 = 5 8-0 ts. por “a 8q. in. 
‘ — an il as 99 8.p.g. 
Inlet aon ogg RN 1ee-L fh per oon, Inet, Ibs. ea. in. piston area, 187-0 Ibs. 0q. in. ah ptf Cl Ee, iin 
Inlet valve 1. 208-0 ft. per sec. Inertia, Is, Ibs, sq. in. piston area, 
Exhaust valve os 210-0 ft. per see. 1m ont 75-5 Ibs. sq. in. Pump delivery (calguated at 100 —— at norma! 
Exhaust ned oie »e 196-1 ft. per sec. mM. .., Ibs. sq. in. piston area, 
Exhaust branch pipes 172-5 ft. per sec. mean 53-25 Ibs. sq. in. gy 
Inlet Valves (Two per Cylinder). Weighs of rotating mass ‘of con- 5-006 ihe. Number and type of magnetos .. Two, Bosdh. 
Outside diameter. . 54-0 mm, = 2-126 in. Total centrifugal pressure ++ 1106 Ibs. ss 
Fors a ennetee oe cylinder head) 4-0 mm = BTS na Centrifugal jal pressure, Ibs. sq. in. nse tavern Ignltfon be ng ll advance) 38 deg. early. 
° ‘ mm. = 0. . . 8q. 
Ane e of seating . 30° Mean : pmo fluid pressure, in- agg pl 4 speed /engine ens potas 
us under valve head 20-0 mm, = 0-787 in. wenn Ca -+ 48-0 Ibs. sq. in. speed dina 
Lift of val ° 9-45 mm. = 0.372 in. Mean average loading ’ crank- r Cooling System. 
Sinaator 4 of ctem”” : 11.0 mm. = 0- fntcran total from all source ¥ 
Over-all length of valve 186-5 mm. = 6-873 in. terms of Ibs. sq. &. ten Numberand type of ee pumps per centrifugal. 
Free eee aga, pat valve One. sé 118-0 Ibs. sq. in, Diameter of inlet pipe .. -» 54°0 mm. mt P43 
Tee length of s 52-5 mm. = 2.066 in. of crank-pin | .. 66-0 mm. = 2-508 in, .. 50-0mm, =1 
Length of spring in postion (no 89-5 mm. = 1-56 in. Ttubbing velocity eteetl is. 85 ft. sec, Diassster -- és 321-0 mame. = 4-40 in. 
fective jected area ater capacit ylinder . . om. 
Mean dane of Stl -- 51-0 mm. = 2.00 in. ey 43-23 sq. om. = 6°70 sq. in. | Number and type of .. One, semi-circular honey- . 
-. No. 6 B.W.G. Ratio. Piston ‘area rotected comb. 
Ratiol ofspring/liftof valve 4-17: 1. area of beg end 4°96:1 Ratio. Water pump speed/engine 2:1 
be valve complete with 0-843 Ib. Mean ban average loading on big end astieitininia a wi hr ou. 0 
je . % rature »~ Vv. 
Weight of spring bare .. ++ 0-281 Ib. ., . Re MRE 9270 ibe. tt. soo. Water temperature, outlet 68 deg. C. 
Inlet valve chen’ og: oR aak — & carty. Cylinders. Petrol Pump. 
Period of induction .. .. 223° Over-all height of bare cylinder 479-5 mm. = 18-87 in. Number and type of petrol pumps One May double acting. 
Inlet tappet clearance |. 0-3 mm. = 0-012 in. pany gh FT Bore eee ee 15°O mm, = 0-69 in, 
: 
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Stroke as " os -. 17mm. = 0-66 in. 
Normal delivery oe .. 264 pints per hour at 800 
' T.p.m. 
Maximum delivery eo pi 630 pints per hour at 
2 1,275 r.p.m.} 
Ratio. Pump speed/crankshaft 1: 2. 
speed. 
Weights. 
Weight of complete engine, dry, 911 Ibs. 
th —— boss and ex- 
haust manifold. 
Weight per B.H.P., ditto .» 8.10 Ibs. 
Weight of fuel per hour 189 Ibs. 


weight of fuel and oil per 151-36 Ibs. 


our. 

Gross weight of engineinrunning 1102-0 Ibs. 
order, less fuel and oil (cooling 
system at -65 Ibs. per B.H.P.). 

Weight per B.H.P., ditto .. 8-79 Ibs. 

Gross weight of engineinrunning 2100-9 Ibs. 
order, with fuel and oil for six 
hours (tan! at 10 J cent. 
weight of fuel and oil). 

Weight per B.H.P., ditto -- 714 Tbs. 


GENERAL ANALYSIS 


Weight of oll perhour(s.p.g. -899) 12-36 Ibs. 
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lela lef | %g 
\2| a |Ss | 8 
Description of Part, | z. | & | S §: 
;| fy | Sey| 83 
€ |. 84 | s34| 52 
im | pee | ae 
linders, bare =... = g. «| 6 | 82-75 |196-50 | 21-50 
tons, complete with rings and! 
gudgeon pin set screws .. «-| 6 | 12°30 | 73-80 8-11 
Gudgeon pins es oe «+| 6) 1°75 | 10-50 1-16 
Connecting rodsand floating bushes} 6 8-93 | 49-12 5-39 
Crankshaft, complete with oilrings | 1 | 99-90 | 99-90 | 10-98 
Crankshaft, complete with oil 
pin eo, cee ime eel i oe ee |, Bene 
Inlet valves eee we 13 | 0-48 | 5-25 | 0-57 
ust valves .. ae -+| 12 | 0-47/ 5-70/| 0+ 
Inlet and exhaust valve “= ++| 24 | 0-28 | 6°74) 0-74 
Inlet and exhaust valve collars, | | 
with cotters and locking device | 24 | 0-12| 8-00/| 0-32 
Thrust, complete with ball races | | 
propeller hub t+ and | 
camshaft driving s b ..| 1 | 17-68 | 17-68 | 1-94 
fte .. «. «+ «el 2| 10-00 | 20-00| 2-20 
Overhead valve rockers, complete | 12 1-08 | 12-99 1-42 
Cesthqnd somes Seeeten, Coyne) 24 0-42 / 10-50 1°15 
Valve tappets and ie «+| 12 | 0-98 | 11°25 | 1-28 
Crankcase, top hal a --| 1 | 04°30 | 94-30 10-36 
Orankease, bottom half .. ..| 1 | 41-82 | 41-82 | 4-54 
 weney A 2 ee os «>| 6] 2°68) 16-12) 1°77 
Front bearing cap .. ee se} 2 5-56 5-56) 0-61 
Crankease hol -down bolts, 
with clamps, nuts and washers | 14 | 2-40 | 38-60 3-70 
Induction pipe, — --| 1| 9-09, 9-09! 1-00 
Propeller hub, with bolts and | | 
nuts a gage -+| 1 | 21-00 | 21-00 | 2-30 
Inlet valve ae ++} 6| 0-48 | 2-90) 0-32 
Exhaust ve push rods .. «>| 6| 0°49) 2°97) 0-83 
Inlet and exhaust stiffening plates | 2 2-00 | 4-00 | 0-44 
Oil pumps, withdriveandpipe ..| 1 9-00 9-00) 0-98 
Rear cover plate .. ae --+| 1), 6:06 6-06) 0-66 
Front cover plate .. oo «+| 1) 4°00 4:00) O44 
Water pump, complete .. --| 1| 8°50), 8-50) 0-93 
Camshaft, oll water pumps | | 
ak nF over ee es ot | 13-65 | 13-65 | 1-50 
Wireless clutch ee 1| 6-06 5°06, 0-55 
Revolution counter gear .. 1| 2-62 | 2-62 0-28 
ne gun interrupter gear 1| 1-82 | 1-82 | 0-28 
Petrol pump ps a 1, $-50 3-50 | 0-38 
ee 2 | 10°75 | 21-50 | 2-36 
Magneto wiring 1 4°75 | 4°75 | 0-52 
Oil pipes... ee 1) 4-00 | 4:00 0-44 
Self-starter gear .. 1, 6-00!) 6-00 0-66 
Exhaust manifold .. 1 27-00 | 27-00 2-96 
Carburettors 2 16-00 | 32-00 8-61 
Miscellaneous ee ee $e 8-75 | O-41 
Total weight of engine 911-00 100-00 








THE METALLOGRAPHY OF TUNGSTEN.* 
By Zay Jzrrrizs,t B.S., Met. E., Cleveland, Ohio. 
(Concluded from page 275.) 


Notes on Polishing, Mounting and Etching Tungsten. 

Tungsten is not an easy metal to polish. It is so 
resistant to the action of abrasion of the pol powders 
that levigated alumina can be substituted for tripoli to 
advantage just preceding the rouge. 

White cast-iron has been used to advantage as a 
mounting material for small pieces of tungsten which 
cannot conveniently be handled without some sort of a 
mounting. The piece of tungsten to be ted is put in 
a mould and the molten cast-iron poured aroundit. The 
white cast-iron and tungsten are so nearly the same 
hardness that flat surfaces can be produced on the 
tungsten during polishing. It is sometimes very difficult 
to mount and polish the smallest t wires. This 
has been accomplished in a successful manner, however, 
on wires less t 0-001 in. in| diameter. One satis- 
factory method is as follows: An ordinary malleable 
iron }-in. (9-5-mm.) pipe te is planed on the closed end 
outside. It is then drilled on the inside to a plane 
parallel to the outside plane. A round cover glass is put 
on the inside of the pipe cap, on which are several 
pieces of the small tungsten wire to be poli Another 
cover glass is placed on top of these wires, after which 
the opening of the pipe cap is filled with 
It is then put in a furnace, being maintained an 
upright tion, and heated for about 5 minutes to a 
temperature of 800 deg. to 900 deg. C. It has been 


* Paper submitted for discussion by the American 
Institute of Mining Engineers. 
t Director of Research, Aluminium Castings Company. 








|found in many experiments that this temperature does 


not affect the structure of t wire. The pipe 
cap with contents is then remo from the furnace and 
the glass which has congealed is pressed tightly into the 
pipe cap and allowed to cool slowly. The metal portion 
on the end of the pipe cap is then turned off in a lathe 
and the glass is e This glass containing the 
samples of tungsten is polished in the ordinary manner 
until the tungsten wires are exposed, and the polishing 
is completed in the ordinary manner. 

Boiling hydrogen peroxide is used for etching most 
of the tungsten products. Tungsten may also be etched 
electrolytically with good results, using a solution of 
sodium hydrate for electrolyte. 


Why is Fibrous Tungsten Ductile ? 

“ ‘This question has been the subject of much work and 
much thought. The fact that fibrous tungsten is 
ductile has been known for ten years, but no explanation 
has been forthcoming. The result could not have been 
predicted from metallurgical knowledge. The explana- 
tion has been worked out step by step. The researches 
which have - mage { resulted in an explanation also permit 
the postulation of some new metallographic laws relating 
toall metals. In making the explanation, the amorphous 
theory is considered valid. © explanation, however, 
does not depend upon the validity of the amorphous 
theory or any other theory; it depends on facts which 
have experimentally ascertained. These researches 
may, in fact, be used to strengthen the amorphous 
theory. 

Crystalline tungsten is somewhat malleable and 
ductile at room temperature—that is, if a single grain of 
tungsten can be isolated, it can be slightly detormed cold 
before rupturing. The cold deformation strain hardens 
the tungsten grain and makes it brittle, similar to this 
action in common ductile metals. Crystalline tungsten 
can also be deformed above room temperature; it is 
capable of more permanent deformation without becom- 
ing brittle, the higher the temperature at which the 
dolormation is produced. 

Amorphous nor sped is very brittle at room tempera- 
ture. It is capable of being deformed without rupture 
at high temperature. Tungsten com of small 
equiaxed grains is not ductile or malleable at room 
oa It may be both malleable and ductile 

t elevated temperatures. A fracture at room tempera- 
ture shows that the break has taken place largely at 
the grain boundaries. Occasionally, along the fracture 
line, a grain is encountered which has been broken in 
two, but this will be caused by a local high resistance 
to rupture along the grain boundaries. Fine-grained 
tungsten can be deformed under suitable conditiong 
(such as are outlined poocioutys at high temperatures. 

The reasons for fibrous tungsten being ductile cold 
can be stated briefly as follows: Tungsten composed of 
equiaxed grains is brittle at room temperature because 
the brittle amorphous phase at the grain boundaries 
permits rupture before a load sufficient to deform the 
malleable crystalline phase can be applied. 
possessing this structure is brittle even though the 
crystalline material present is more capable of permanent 
deformation at room temperature than the crystalline 
portions of fibrous tungsten. Fibrous tungsten is ductile 
at room pon ep na (assuming that the fibre has been 
produced under proper conditions) in spite of the fact 
that it contains more of the amorphous phase than 
equiaxed tungsten. It is ductile because the grain 
distortion by working arranges the grain boundaries 
in such a manner that the resistance to rupture along 
them is so great that rupture is forced to take place 
through the deformed grains themselves. These grains, 
which will usually have been deformed above room 
temperature, will possess the ability to be further 
deformed at room temperature; rupture through them 
cannot take place without further deforming them, so 
the metal assumes ductility. The subject of deformation 
of metallic grains at a certain temperature and the 
increase of ductility by lowering the temperature will 
be treated later. 

We must accept as a fact, which I have observed many 
times, that rupture along the amorphous planes in 
tungsten is much more pronounced along grain boundaries 
than along the amorphous slip planes in deformed 
tungsten grains. It is probable that the path ot rupture 
along the amorphous slip planes in a deformed grain 
would be many times more intricate, involving inter- 
—- of submicroscopic size, than the = of rupture 
along the grain boundaries themselves. hatever may 
be the explanation for this, we must accept it as fact. 
It should be kept in mind that only when the amorphous 
phase of the metal becomes oe does the fracture 
seek the grain boundaries. is condition obtains in 
tungsten at room temperature but not in the ordinary 
ductile metals. 

Even a fibrous tungsten wire which is ductile is onl 
malleable when the deforming pressure is applied at ail 
points of its circumference at the same time, like the 
swaging die action. When one of these wires is placed 
on an anvil and struck with a hammer, it splits into man 
— is, the deformed grains separate from eac 
other. 

Probably one of the major causes for rupture along 
the amorphous grain boundaries in tungsten, in pre- 
ference to through the grains themselves, is the difference 
in coefficient of expansion of the amorphous and 
— phases. Glass, a completely amorphous 
substance, can be cracked by unequal! heating or cooling, 
the cracks resulting from the different degrees of 
expansion or contraction of different parts of the piece. 
If we consider that fine-grained tung is made up of 
crystalline grains surrounded by films of amorphous 
—_ then these two phases will have different 











ce ents of thermal expansion. At the higher 
temperatures, these differences. are easily adjusted 





because of the plasticity of the amorphous phase. At 
lower temperatures, however, both the amorphous 
and crystalline phases will be very rigid. This will 
force the strains of unequal expansion during heating or 
unequal contraction during cooling, into either the 
crystalline or amorphous material, or both. There are 
several reasons why these strains at low temperatures 
should be taken up largely by the amorphous phase. 
The a phase is the only one possessing con- 
tinuity. e ~ gremecr phase consists of grains none 
of which actually touch each other. The continuity 
of the system depends on the amorphous phase. Any 
difference in coefficient of expansion between the 
amorphous and crystalline phases, no matter in what 
direction the difference may be, must affect therefore 
the amorphous phase. If internal strains are set up 
in this manner at the grain boundaries, smaller external 
loads will be required to cause rupture than would be 
indicated by the actual measure of cohesion of the 
isolated amorphous phase. 

To obtain a somewhat better idea of these phenomena, 
let us consider the properties of tungsten wires about 
0-007 in. (0-18 mm.) diameter with four types of 
structure. 

1. The Whole of the Wire is Composed of a Single 
Grain.—Since crystalline tungsten is somewhat malleable 
and ductile at room temperature, such a wire could be 
deformed cold. Cold deformation would strain-harden 
the tungsten and make it more brittle, and when con- 
tinued far enough would break it because of the brittle- 
ness. The permanent deformation of the crystalline 
tungsten would generate amorphous tungsten at the 
planes of slip. The hardening and embrittling would be 
caused by the amorphous metal. 

2. The Tungsten Wire is Composed of Small Equiaxed 
Grains.—Such a tungsten wire is brittle and fragile at 
room temperature. It cannot be appreciably bent 
(except the bending which takes place within its elastic 
limit) without breaking. The break will take place 
largely along the grain boundaries. These grain 
boundaries consist of thin films of tungsten in the brittle 
amorphous condition. The amorphous phase has in 
reality greater cohesion than the crystalline phase at 
room temperature, but it is under great internal stress 
due to the difference in coefficient of expansion between 
it and the crystalline phase. 

3. The Tungsten Wire has a Fibrous Structure.— 
To obtain a mental picture of this particular structure, 
suppose the ingot from which the wire was made was 
+ in. (6-35 mm.) square and contained 3,800 grains ond 
square millimetre. It is worked at temperatures below 
that of equiaxing so that the grains are progressively 
elongated from the beginning of working. en the 
wire is 0-007 in. diameter, the grains will have been 
changed into fibres the average length of which will be 
about 1 in. and the average diameter about 0-00002 in. 
The end of a given metallic fibre will usually not be 
contiguous to the ends of other fibres with which it is 
in contact. A tungsten wire with such a structure is 
ductile cold. It can be drawn cold, bent cold, coiled, &c. 
It will contain more amorphous tungsten than the fine- 
grained sample which was brittle. It will be ductile 
cold because the metal has a tendency to break along the 
amorphous planes at the grain boundaries and the path 
of rupture along these will be so great that the break 
is forced to take place through the crystalline material 
which, though not as malleable and ductile as the 
crystalline material before strain hardening, will still 
possess the properties of malleability and ductility to a 
certain extent at room temperature. A break through 
it, therefore, must cause a certain amount of deformation 
before rupture can take place, thus giving rise to the 
property of ductility. : 

4. The Wire consists of Elongated Grains which have 
not been Strain-hardened.—Such a structure results from 
long heating of tungsten containing thoria or other 
non-metallic substances. The arrangement of the grains 
makes along path for rupture along the grain boundaries, 
so a much greater | can be applied b before rupture 
than when the metal is composed of equiaxed grains. 
This makes tungsten possessing an elongated grain 
stucture stronger or more rugged than the equiaxed 
structure. At times, such wires even possess slight 
ductility at room temperature. Electric incandescent 
lamp filaments frequently possess these elongated grain 
structures and are as a consequence very rugged. 

It is thus seen that the ductility of tungsten at room 
temperature does not depend on the quantity of amor- 
phous tungsten, but on its arrangement. It has been 
stated before that the tensile strength of a tungsten 
ingot is about 18,000 lb. per square inch. Tungsten 
wire —— a fibrous structure at 0.007 in. diameter 
will have a tensile strength of about 340,000 lb. per 
square inch. The actual cohesion is greater in the 
drawn tungsten wire than in the equiaxed ingot. The 
cohesion measured in each case is that of a system made 
up of what may be considered physically as two separate 
materials with different properties, but in the case of the 
equiaxed ingot the internal weakening strains pre- 
dominate and in the case of the fibrous wire they are 
eliminated. . 

As an example of the action of the crystalline and 
amorphous phases in equiaxed and fibrous tungsten, 
let us suppose that a structure is made up of grains of 
iron which we will consider as analogous to the erystal- 
line tungsten, the grains being bound together with very 
thin films of glass which we will consider analogous to 
the amorphous tungsten cement surrounding the grains. 
In the first example, let us suppose that the grains © 
iron are equiaxed and unstrained—that is, similar to 
equiaxed tungsten. This structure will assume largely 


the properties of the brittle glass cement. If a grain 
of iron could be isolated, it would be malleable, but if the 
structure taken as a whole is hammered, it will fly to 
pieces, and if broken in tension, the breaking load will 
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be too small to force any marked permanent deformation 
on, the iron grains. This structure will be brittle. If 
however, the structure were heated to a red heat, at 
which temperature both iron and glass are known to be 
workable, then considerable deformation could be effected 
by hammering or rolli Let us suppose that such a 
structure could be rolled or drawn while hot until the 
dimensions of the deformed iron grains would be com- 
parable to the dimensions of tungsten fibre. The glass 
film surrounding the grains of iron will remain intact. 
(In the actual working of the metal, it is very probable 
that the amorphous films surrounding the grains are 
made thicker by mechanical working.) Let us further 
suppose that in this amount of deformation the iron 
grains will possess some ductility in the cold. When 
cold ductility tests are made, it will be found that the 
glass films are no longer in a commanding position, and 


the path of rupture will be forced 94 through the | gram C 


deformed iron grains themselves. Such a temperature 
with the same quantity of glass present will be ductile 
at room temperature. It has not been attempted to 
make the analogy perfect, because glass does not possess 
the same properties as amorphous tungsten, nor does 


iron possess the same properties as crystalline tungsten, | 














Fie. 64. Sprit TunGsTEN WIRE CAUSED By “‘ OvzER- 


WORKING” OB WoREING TOO Cotp. x 170. 





Fig. 57. Crack BETWEEN Two Grains In TuNG- 
sTEN InGcot. Srors aT JUNCTION BETWEEN 
COARSE AND Fryz-Gratnep Reaions. x 61. 


and glass could not be generated within an iron grain 
during deformation. 

That the fracture in tungsten tends to take place along 
the grain boundaries is shown conclusively in Fig. 55. 
This fracture was in a coarse-grained sample. One of 
the cracked boundary lines in Fig. 55 extends to the 
surface of the tungsten ingot, and the crack does also. 
In one place where the grain boundary line was rather 
jagged, the fracture took place through a portion of the 
crystalline material rather than at the grain boundary. 
The other cracked grain boundary abuts a fine-grained 
portion of the tungsten ingot at which the crack stops 
abruptly. This shows that resistance to rupture is less 
along a rather straight grain boundary than around the 
grain boundaries of fine-grained metal. Fig. 56 shows 
how the crack has jum across the crystalline portion 
in preference to following the j grain boundary 
line. Fig. 57 shows the qhvuns ending of a crack where 
the grain boundary line between two large grains inter- 
sects a fine-grained area, and Fig. 58 ‘ieee that the 
fracture of a fine-grained area follows in general the grain 
boundary line. There are two or three cracks in Fig. 
42, page 272 ante, and it can be plainly seen that these 
cracks follow the grain boundaries. 

That rupture tends to take place along the boundaries 
of deformed grains in fibrous tungsten can be seen from 
Fig. 54. That the fracture does not take place entirely 
along these grain boundaries is due to the fact that the 
resistance to ~— through the deformed ins or 
fibres is less in fibrous tungsten than sheng the deformed 
= If the deforming | is applied to 

brous tungsten | tudinally, the wire is ductile, but 


Sone General Metallographic Propositions. 

The discussion in the p ing caption shows why 
fibrous tungsten is more ductile at room temperature 
than equiaxed tungsten. Another ificant fact has 
been observed with tungsen, namely, that after the limit 
of ductility has been reached by working at, say, a red 
heat, the tungsten after cooling to room temperature or 
other lower temperatures becomes ductile at these 
temperatures. Experiments have been made which 
show that this phenomenon is common to all ductile 
metals. The reasons have been ascertained. The 
underlying reason for the loss of ductility by working a 
metal at a certain temperature below its annealing 
temperature and the regaining of ductility by cooling 
to some lower temperature, is that the amorphous phase 
of any metal will increase in cohesion on cooling, at a 
faster rate than the crystalline phase. Let us refer to Dia- 
This shows the general cohesion-temperature 
curves of the amorphous and crystalline phases of metals. 
The direction of the curves will have to be determined 
for any given metal, but the general relationship will 
be found similar to those given in thediagram, The curve 
traced by a continuous line represents the change in 








if applied transverse y, it is brittle. 


cohesion oi the amorphous phase with change in tempera- 


Fie. 55. Cracks at Grain BounpDarIEs IN 
Tounasten Incotr. x 17, 


Fic. 58. Ssows Crack atone Grain Bovun- 
DARIES IN Five-Gratnep Tunosten InGor. 
x 144, 


ture. The cohesion is substantially zero at the melting 
— of the metal and increases as the temperature 

ecreases, reaching a maximum at absolute zero. The 
dotted curve represents the change in cohesion of the 





crystalline phase with ng p re. The 
crystalline phase ea and changes into the 
amorphous phase when the metal is melted. On cooling 


from above the melting-point, the crystalline phase forms 
during solidification and reap | at the melting 
temperature its cohesion assumes a finite value many 
times greater than that of the amorphous phase at the 
same temperature. On cooling below the melting-point 
however, the crystalline phase increases in cohesion at 
& very much slower rate than the amorphous phase, At 
some temperature between the wy ey for and 
absolute zero (in most metals not far from 0.35 to 0.45 
of the absolute melting-point) the cohesion of the 
crystalline phase will be the same as that of the amor- 
phous phase. This temperature I have called the 
*equi-cohesive temperature.” It corresponds in most, 
if not all, metals, to the lowest equiaxing temperature 
of the severely cold-worked metal. Just as the equiaxing 
temperature of the metal is increased with decrease in 
the time of heating, the apparent equi-cohesive tempera- 
ture increases as the time of applying the load by which 
the cohesion is measured is decreased. If a metal is 
deformed above the equi-cohesive temperature and kept 
at that temperature, the grains will not remain per- 
manently deformed, but will equiaxe; the properties 
of the metal will be different after equiaxing. If, 
however, the grains are deformed below the equi- 


amorphous phase has not only greater cohesion than the 





cxpeinee phase but its cohesion increases much faster 
wit in t P ture. 
Let us suppose that Diagram C represent¢ the cohesion- 


temperature curves of tungsten and that the temperature 
of wire drawing is 4¢ deg. The crystalline phase at this 
temperature has a cohesion of 2c and the amorphous 
phase 4c. The wire drawing can be continued until 
the load necessary to break the wire at a temperature of 
4 ¢ deg. is not sufficient to further deform the crystalline 
a. Before any deformation has taken place at 4¢ 
eg. the c line phase will have a cohesion of 2, 
but as the deformation continues amorphous metal will 
be generated at the planes of slip, and these being in a 
commanding position will increase the apparent cohesion 
of the deformed grain. Now let us —— that room 
temperature corresponds to 1¢ deg. e cohesion of 
the crystalline phase at this temperature is 2.7 c and that 
of the amorphous phase is 8.1c. It will be noted that 
the amorphous phase at room temperature is 5.2 ¢ 
more cohesive than the crystalline phase, whereas at 
4t deg. it is only 2c more cohesive. The limit of 
ductility at 4¢ deg. was governed to a certain extent 








cohesive temperature, they will remain permanent! 
distorted. Below the equi-cohesive temperature, the 


y | cohesion of the amorphous ef will be muc' 


b 
the difference in cohesion between the amorphous ond 





Fie. 56. CRacK PARTLY THROUGH GRAIN IN 
Tunesten Incor. x 50 
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Dracram C. Conrsion TEMPERATURE CURVES 
or AMORPHOUS AND CRYSTALLINE Puaszs 
OF ANY METAL. 


crystalline ame. By cooling to room temperature this 
difference increased 3.2c. If now the metal is 
subjected to a ductility test at room temperature, a load 
sufficient further to deform the crystalline phase can 
ps gree before rupture takes place; in other words, 
the metal is ductile and it has gained ductility because 
the amorphous phase increases in cohesion with decrease 
in temperature at a faster rate than the crystalline phase. 
One point must not be confused. The limit of ductility 
of a metal at a certain temperature does not mean that 
the c lline phase has been deformed to the greatest 
possible extent at that temperature. It simply indicates 
that the load further to deform the crystalline 
as yng = applied to "7 — by tension — 
it. Even t t & greater to 
deform the Plane ng at a lower temperature, 
the increased load which can be applied by tension 


before rupture takes place (depending largely u 
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than the increase in the on of the crystalline phase. 
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Much more deformation can be forced on a given metal 
at a temperature below that of equiaxing by application 
of pressure than by tension. Rupturing of metals by 
pressure, however, must be considered as a natural 
modification of rupture by tension. A metal, for 
example, can be subjected to the highest hydrostatic 
pressures now available without permanently deforming 
it in the least. Pressures alone, therefore, will not 
change the external shape of a metal—that is, it will 
not permanently deform it. Deformation by pressure, 
therefore, implies a difference in pressure between two 
parts greater in magnitude than the cohesion of the 
metal to he deformed. In some cases, during the 
application of pressure to a metal, certain parts are 
actually in a state of tension and may break because of 
it. In other cases all parts of the metal may be subjected 
to pressure but certain parts will receive enough more 
pressure than other parts to cause permanent deforma- 
tion. By utilisation of the property of malleability, 
a metal may be deformed to a greater extent than by 
the utilisation of ductility. 

It is doubtful whether the actual limit of deformation 
of any crystalline metal has ever been reached experi- 
mentally. The temporary limit ot deformation is always 
reached when the load necessary to cause it also causes 
the metal to rupture. 

Beilby’s observations on copper, gold, and silver fit 
in with these ideas very nicely. A description of his 
experiments are here given in his own words :* “‘ Gold, 
silver and —- ot the highest purity were the metals 
used. The diameters of the wires at all stages were 
carefully measured by a micrometer screw gauge. The 
increases of length by wire drawing were also measured. 
After a final annealing, wires were drawn to as much as 
fourteen times their original length. Their tenacity 
was determined by applying a water load to the vertical 
hung wire. As stated above, the maximum tenacity 
was reached in wires drawn from three to five times 
their original length. A hard-drawn wire shows no 

eneral extension even under the breaking load. The 

roken pieces when brought together show that the 
small local extension which occurs at the point of rupture 
may amount to 1 per cent., or less, but it is purely 
local as proved not only by the absence of any general 
stretching, but also by a full series of measurements of 
the diameter at many points along the length. The 
tenacity was always calculated on the average cross- 
sections worked out from these measurements. After 
a large number of experiments had been made at the 
ordinary temperature, it was decided to repeat these 
at the temperature of liquid air or—182 deg. The 
results showed that at this low temperature the tenacity 
of these metals is very much increased, gold rising from 
15.6 tons per square inch at 15 deg. to 22.4 tons at 
— 182 deg., silver from 25.7 tons at 15 deg. to 34.4 tons 
at — 182 deg., and copper from 28.4 tons at 15 deg. to 
36 tons at — 182 deg. The most une result was 
that all the hard-drawn wires stretched 11 per cent. to 
12 per cent. at the lower temperature before breaking. 
The plasticity which had disappeared at 15 deg. re- 
appeared at the lower temperature. Our conclusion 
at the time was that the restarting of plasticity at the low 
temperature was due to the general increase of tenacity 
which enabled the wire better to resist the disruptive 
strains in the die.” 

Our discussions show that the mere increase in tenacity 
cannot be responsible for the ductility which Beilby 
observed. For example, Hadfield found that the 
ductility of iron decreased with increased tenacity as the 
temperature was lowered to that of liquid air. What 
happened in Beilby’s experiments was that the tenacity 
increased faster with decrease in temperature than the 
cohesion of the crystalline phase due to the differential 
cohesion between it and the amorphous phase. In 
Diagram C, let us suppose that room temperature corre- 
sponds to 3 ¢ deg. and liquid air temperature to 1 ¢ deg. 
and the curves as given represent in general the properties 
of the crystalline and amorphous phases of the metals 
with which Beilby experimented. At room temperature 
the cohesion of the crystalline phase is 2.2 c, and of the 
amorphous phase 5.1 c, while at 1 ¢ deg. the cohesions are 
2.7¢ and 8.1 ¢ respectively. Beilby had cold-drawn the 
wires at room temperature till they were brittle. On 
cooling to — 182 deg. (1 tdeg.), the ratio between the 
cohesion of the amorphous and crystalline phases had 
goal increased so that at 1¢# deg. tensile load could 

applied before the metals ruptured sufficiently further 
to deform the crystalline phase. 

It will be evident, from what has been said, that the 
metals might be wire drawn at 1 ¢ deg. till they became 
brittle at that temperature and they would then become 
ductile if cooled to a temperature of, say, } ¢ deg. 

A further experiment with wire of aluminium copper 
alloy also fits in nicely with these fundamental ideas. 
The wire was worked cold dt room temperature until it 
would break when bent through an angle of about 60 
deg. A piece of wire was then immersed in liquid air and 
was bent double and straightened again without cracking. 

Further confirming evidenve is at hand and a rather 
ee set of experiments dealing with these general 
problems has now compieted and will be reported 
in @ separate paper. The hypothesis has been sufficiently 
verified so that results ome predicted from it. 

I have considered the application of this hypothesis 
to substantially pure metals and solid solutions. The 
application to other classes will be more complicated. 
Let us take steel as an example. The cohesion-temp 
ture curves of pure iron have jogs in the crystalline curve 
corresponding to the allotropic points. The approxi- 
mate curves for iron as well as for cementite would 
have to be ascertained. In annealed steel, at least 
three physically different substances will be present ; 
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namely, crystalline ferrite, crystalline cementite and the 
amorphous solution of iron and iron carbide. After 
cold deformation there may be five physically different 
constituents present ; namely, crystalline ferrite, 
amorphous iron crystalline cementite, amorphous cemen- 
tite, and the amorphous solution of iron and cementite. 
By knowledge of the properties of each of these consti- 
tuents and their structural position in the steel, predic- 
tions may be made regarding the physical properties of 
the piece of steel taken as a whole. 

It should be pointed out that the metals which have the 
greatest possibilities for improvement by mechanical 
working, or those metals which should ultimately have 
high tensile strength whether coupled with ductility or 
not, should (a) possess high unit cohesion in both the 
crystalline and amorphous phase, and (b) the cohesion 
of the latter should much greater than that of the 
former at room temperature. Such metals will have 
relatively high equi-cohesive temperatures. 

fibrous tungsten, a condition is obtained which 
makes the ductility greater at room temperature than 


that of the equiaxed tungsten. The general hypothesis o 


of increase in ductility in metals already possessing 
fibrous structures by decreasing the temperatures is 
entirely independent of the relative ductility of the 
fibrous and equiaxed structures. In Beilby’s experi- 
ments quoted above, for example the ductility at — 182 
deg. of the metals with fibrous structures may not have 
been as great as that of the equiaxed metals at the 
same temperature. With mort, if not all, metals, 
however, some low temperature will be reached at which 
the metals in the equiaxed condition will be brittle and 
the same metals possessing fibrous structures which will 
have been produced at some higher temperature will be 
ductile. Iron, for —, > ossesses these properties 
at the temperature of liquid air, and tungsten and 
molybdenum, at ordinary or room temperature. 

The amorphous phase of iron is supposed to be brittle 
at room temperature. It is not sufficiently brittle to 
cause rupture alo: the grain boundaries at room 
temperature. Liquid air temperature, however, will 
cause coarse-grained iron to fracture along the grain 
boundaries. A metal with an equiaxed grain structure 
cannot be very ductile at high temperature because 
the amorphous phase is weaker than the crystalline. Its 


ductility (assuming one of the ductile metals) increases P 


on cooling to a certain point, below which it begins to 
become less ductile. The temperature may be lowered 
sufficiently to make it brittle. 

Experimental proof has also been obtained showing 
that if a metal is worked at a certain temperature below 
its annealing temperature, till it becomes brittle at that 
temperature, it is more brittle at higher temperatures 
below that of annealing. 
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CATALOGUES. 

Electric Switches.—Thirteen classes of lever switches 
each made in a full range of sizes, are set out in full 
particular in a special catalogue issued by the British 
Thomson-Houston Company, Limited, Rugby. These 
are suitable for main circuit, field breaking, motor 
starting and isolating and for alternating or direct 
currents. 

Flour Mill.—Some circulars from Mr. A. R. Tattersall 
75, Mark-lane, E.C. 3, deal with the ‘* Midget ”’ flour 
mill of which he is the patentee and maker. It is a 
“short system” mill, the object of the invention 2 
to provide a comparatively small plant, capable 
economical production on a small scale so that the wheat 
grown in a limited area could be milled for consumption 
within that area. The mill is a complete roller plant 
contained in one frame, driven by one belt and suitable 
for erection in a one or two storey buildi Apparently 
the best way would be a special building for the machine 
with a driving belt passing in from a power unit outside. 
We infer that there are several sizes as the capacity 18 
given as 200 lb. to 600 lb. of wheat per hour. These 
machines generally work 24 hours ) ang day at certain 
seasons and may then be laid up for a period. The 
claims as to quality of work include the ———ee 
French army official test states that 80 per cent. of the 
flour went through No. 60 and No. 80 French silk sieves. 
A yield of 43 lb. of flour from 58 Ib. of wheat ; the 
quality is graded in the laboratories at Chicago and this 
product is certified ‘99 per cent. grade,” which, we 
assume, is within 1 per cent. of perfect quality. It is of 
some interest to note that Mr. Tattersall was awarded 
a medal for his invention by the City of Philadelphia on 
the recommendation of the Franklin Institute. The 
medal and premium is granted under the will of Mr. John 
Scott, of Edinburgh, Scotland. (See page 258 ante.) 








Tue Scnoor Metat-Srrayine Process.—From Ziirich 
comes the news of another improvement of the Schoop 
process. Instead of melting the metal, which is generally 
applied in the shape of a wire, by the — n 
flame or the blowpipe, electric fusion is now wi ’ » 
said to be both simpler and cheaper. The pisto 
apparatus is employed as before; but two ends of the 
wire are placed in the pistol, instead of one, and they are 
approached to one another as electrodes of an a 
circuit. When the are strikes, the wire fuses, and t 
air current tears the fine metallic particles a Zine 

in 


rays in particular have been produced way, 
pom dr Ro te Kasperowicz (Zeitschrift fir “angewondia 
Chemie, July 23, 1918). The electric heating may od 


simple, but the prevention of the oxidation 
apeaged metal will probably be as difficult as before. 
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